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(54) An exhaust gas purification device for an internal combustion engine 



(57) An NOx occluding and reducing catalyst is dis- 
posed in an exhaust gas passage of an internal com- 
bustion engine to absorb NOx in the exhaust gas when 
the air-fuel ratio of the exhaust gas is lean, and to 
release and reduce the absorbed NOx when the air-fuel 
ratio of the exhaust gas is rich. A recovery operation is 
executed only under particular operating conditions of 
the engine to heat the NOx occluding and reducing cat- 
alyst so as to release NOx as well as SOx absorbed 
thereby. The engine operating conditions for executing 



the recovery operation are expanded with an increase in 
the amount of SOx held by the NOx occluding and 
reducing catalyst while preventing a drop in the engine 
fuel efficiency. The recovery operation is easily exe- 
cuted with an increase in the holding amount of SOx, 
and a state in which SOx are held in increased amounts 
by the NOx occluding and reducing catalyst is pre- 
vented from lasting long. . 
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Description 

BAC* "<*OUND OF THE INVENTION 

1. Fie:. a the Invention 

[0001 ] The present invention relates to an exhaust gas 
purification device for an internal combustion engine. 
More specifically, the invention relates to an exhaust 
gas purification device equipped with an NOx occluding 
and reducing catalyst for removing NOx components 
from the exhaust gas of an engine. 

2. Description of the Related Art 

[0002] There has been Known an exhaust gas purifi- 
cation device using an NOx occluding and reducing cat- 
alyst comprising at least one element selected from 
alkali metals such as pottasium K, sodium Na, lithium Li 
and cesium Cs. alkaline earth elements such as barium 
Ba and calcium Ca, and rare earth elements such as 
lanthanum La and yttrium Y, as well as a noble metal 
such as platinum Pt 

[0003] The NOx occluding and reducing catalyst 
works to absorb and release NOx, i.e., absorbs NOx in 
the exhaust gas in the form of nitrates when the air-fuel 
ratio of the exhaust gas that flow in is lean, releases the 
absorbed NOx when the oxygen concentration 
decreases in the exhaust gas that flow in, and purifies 
the released NOx by reduction with reducing compo- 
nents in the exhaust gas. 

[0004] The action for absorbing and releasing NOx by 
the NOx occluding and reducing catalyst will be 
described later. However, when sulfur oxides (SOx) 
exist in the exhaust gas. the NOx occluding and reduc- 
ing catalyst absorbs SOx in the exhaust gas based on 
the same mechanism as that of NOx absorption. 
[0005] However, SOx absorbed by the NOx occluding 
and reducing catalyst forms stable sulfates which are 
generally very little decomposed or released and, 
hence, tend to build up in the NOx occluding and reduc- 
ing catalyst. When SOx is held in an increased amount 
by the NOx occluding and reducing catalyst, the NOx 
occluding and reducing catalyst exhibits a decreased 
NOx-absorbing capacity by an amount by which SOx is 4s 
held. When SOx is held in increased amounts by the 
NOx occluding and reducing catalyst therefore, it 
becomes no longer possible to remove NOx from the 
exhaust gas to a sufficient degree, i.e., a so-called SOx 
contamination of the NOx occluding and reducing cata- so 
lyst occurs. 

[0006] It is also known that SOx absorbed by the NOx 
occluding and reducing catalyst can be released and 
reduced relying on the same mechanism for releasing 
and reducing NOx. However, since sulfates held in the ss 
NOx occluding and reducing catalyst are relatively sta- 
ble, SOx absorbed by the NOx occluding and reducing 
catalyst cannot be released at a temperature (e.g.. 



about 250°C) at which the operation is usually con- 
ducted to release and purify NOx by reduction (herein- 
after referred to as "a regenerating operation - for the 
NOx occluding and reducing catalyst). In order to 
5 remove the SOx contamination, therefore, the SOx con- 
tamination-recovery operation must be regularly con- 
ducted by heating the NOx occluding and reducing 
catalyst at a temperature (e.g., 600°C or higher) which 
is higher than that when the NOx occluding and reduc- 
io ing catalyst is usually being generated, and by shifting 
the air-fuel ratio of the exhaust gas that is flowing in 
toward the rich side. 

[0007] An exhaust gas purification device which exe- 
cutes the SOx contaminatiorvfemoving operation for the 
is NOx occluding and reducing catalyst, has been taught 
in, for example, Japanese Unexamined Patent Publica- 
tion (Kokai) No. 6-88518. In order to recover the SOx- 
contaminated NOx occluding and reducing catalyst 
according to the device of the above publication, the 
20 exhaust gas is put into a stoichiometric state or a rich 
state to lower the oxygen concentration when the tem- 
perature of the exhaust gas becomes high. 
[0008] Japanese Unexamined Patent Publication 
(Kokai) Na 8-61052 discloses another exhaust gas 
purification device for recovering the NOx occluding and 
reducing catalyst from the SOx contamination by regen- 
erating the NOx occluding and reducing catalyst at a 
high temperature In order to recover the NOx occluding 
and reducing catalyst arranged in the exhaust passage 
of an internal combustion engine from the SOx contam- 
ination according to the exhaust gas purification device 
of this publication, some of the cylinders of the engine 
are operated at a rich air-fuel ratio and the r-; * of the 
cylinders are operated at a lean air-fuel ratio U *move 
the SOx contamination when the amount of SO.* held by 
the NOx occluding and reducing catalyst becomes 
greater than a predetermined value and the engine is 
operated in a particular load region pntermediate to 
high load region). By operating some cylinders of the 
engine at a rich air-fuel ratio and the rest of the cylinders 
at a lean air-fuel ratio, exhaust gas from the rich air-fuel 
ratio cylinders containing unburn ed fuel and exhaust 
gas from the lean air-fuel ratio cylinders containing large 
amounts of oxygen flow into the catalyst. Therefore, the 
unburned fuel burns on the catalyst, whereby the tem- 
perature of the catalyst rises and SOx held by the NOx 
occluding and reducing catalyst is released. 
[0009] According to the devices of the above-men- 
tioned Japanese Unexamined Patent Publications 
(Kokai) Nos. 6-88518 and 8-610652, however, it is not 
allowed to frequently conduct the SOx contamination- 
recovery operation, and a state in which the purification 
efficiency of the NOx occluding and redudng catalyst is 
lowered due to the SOx contamination often continues 
for extended periods of time. According to the devices of 
the above-mentioned publications, the recovery opera- 
tion from the SOx contamination is not executed unless 
the exhaust gas temperature of the engine becomes 
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high or unless the engine is operated under a particular 
condition even if the amount of SOx held by the NOx 
occluding and reducing catalyst exceeds a predeter- 
mined value. 

[001 0J By using the devices of the above-mentioned s 
publications, therefore, the operation often continues for 
extended periods of time in a state where SOx are held 

_ in increased amountsby. the NQx.occluding and.reduc-- 

ing catalyst depending upon the operating conditions of 
the engine, and NOx which has not been purified are io 
released to the open air due to a drop in the purification 
efficiency of the NOx occluding and reducing catalyst. 
[0011] In conducting the above-mentioned recovery 
operation from the SOx contamination of the NOx 
occluding and reducing catalyst, SOx is still formed by is 
sulfur contained in the fuel when the engine is in opera- 
tion, and a difference occurs in the degree of removing 
the SOx contamination from the NOx occluding and 
reducing catalyst depending upon the SOx concentra- 
tion in the exhaust gas during this period. When the so 
exhaust gas is put into a predetermined stoichiometric 
state or a rich state, depending on the prior art, without 
taking the above-mentioned fact into consideration, 
then, the SOx contamination is not removed to a suffi- 
cient degree, or the exhaust gas becomes excessively 25 
rich to deteriorate the fuel efficiency and the exhaust 
gas emission. 
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[001 2] In view of the problems m the related art as set 
forth above, the otyeci of the present invention is to pro- 
vide a means wh.ch prevents a state in which SOx are 
held in large amounts by the NOx occluding and reduc- 
ing catalyst from lasting for extended periods of time 35 
while limiting the condition for heating the NOx occlud- 
ing and reducing catalyst at tne time of conducting the 
recovery operation for removing the SOx contamination 
from the NOx occluding and reducing catalyst, and pre- 
venting the fuel efficiency and the condition of exhaust 40 
gas from deteriorating. 

[0013] Another object of the present invention is to 
provide an exhaust gas purification device for an inter- 
nal combustion engine which is capable of conpletely 
removing the contamination without deteriorating the 45 
exhaust gas emission at the time of conducting the 
recovery operation for removing the contamination from 
the NOx occluding and reducing catalyst 
[001 4] The objects as set forth above are achieved by 
an exhaust gas purification device for an internal com- so 
bustion engine according to the present invention, com- 
prising: 

an NOx occluding and reducing catalyst disposed 
in an exhaust gas passage of the internal combus- ss 
tion engine to absorb NOx in the exhaust gas when 
the air-fuel ratio of the exhaust gas flowing in is 
larger than a stoichiometric air-fuel ratio and to 



release and reduce the absorbed NOx when the 
air-fuel ratio of the exhaust gas flowing in becomes 
smaller than the stoichiometric air-fuel ratio, said 
NOx occluding and reducing catalyst exhibiting a 
decrease in the capability of absorbing, releasing 
and reducing the NOx as it adsorbs or absorbs con- 
taminants in the exhaust gas; 
- a holding amount estimation means for estimating- 
the amount of said contaminants adsorbed or 
absorbed by said NOx occluding and reducing cat- 
alyst; 

a heating means for releasing said contaminants 
from the NOx occluding and reducing catalyst by 
heating said NOx occluding and reducing catalyst 
when the amount of said contaminants increases in 
excess of a predetermined judging value and when 
the operating condition of the engine turns into a 
predetermined heating-conducting condition; and 
a heating-conducting condition-setting means for 
setting said heating-conducting condition depend- 
ing upon the amount of said contaminants that are 
held. 



[0015] According to this aspect of the invention, the 
heating-conducting condition-setting means sets the 
heating-conducting condition for heating the NOx 
occluding and reducing catalyst depending upon the 
amounts of contaminants held by the NOx occluding 
and reducing catalyst, in such a manner that the heat- 
ing-conducting condition becomes wide (i.e., less strin- 
gent), for example, as the amount of contaminants held 
by the NOx occluding and reducing catalyst increases. 
Therefore, the NOx occluding and reducing catalyst is 
frequently heated with an increase in the amount of the 
contaminant held by the NOx occluding and reducing 
catalyst, and the state in which the contaminant is held 
in an increased amount is prevented from lasting long. 
[0016] According to another aspect of the present 
invention, there is provided an exhaust gas purification 
device for an internal combustion engine comprising: 

an NOx occluding and reducing catalyst disposed 
in an exhaust gas passage of the internal combus- 
tion engine to absorb NOx in the exhaust gas when 
the air-fuel ratio of the exhaust gas flowing in is 
larger than a stoichiometric air-fuel ratio and to 
release and reduce the absorbed NOx when the 
air-fuel ratio of the exhaust gas flowing in becomes 
smaller than the stoichiometric air-fuel ratio, said 
NOx occluding and reducing catalyst exhibiting a 
decrease in the capability of absorbing, releasing 
and reducing the NOx as it adsorbs or absorbs con- 
taminants in the exhaust gas; 
a holding amount estimation means for estimating 
the amount of said contaminants held by being 
adsorbed or absorbed by said NOx occluding and 
reducing catalyst; 

a heating means for releasing said contaminants 
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from the NOx occluding and reducing catalyst by 
heating said NOx occluding and reducing catalyst 
when the amount of said contaminants increases in 
excess of a predetermined judging value and when 
the operating condition of the engine turns into a 5 
predetermined heating-conducting condition; and 
a heating-conducting condition-setting means for 
setting said heating-conducting condition depend- 
ing upon the history of the operating conditions of 
the engina w 

[0017] According to this aspect of the invention, the 
condition for heating the NOx occluding and reducing 
catalyst is set depending upon the history of the operat- 
ing condition of the engine. When, for example, the is 
heating-conducting condition has been so set that heat- 
ing the catalyst is conducted when the catalyst temper- 
ature is not lower than a predetermined lower-limit 
temperature, then, the catalyst temperature frequently 
exceeds the lower-limit temperature and the heating is 20 
frequently conducted in the case of an engine which is 
likely to be frequently operated in such a manner that 
the catalyst temperature becomes high. It is not there- 
fore likely that the state in which the contaminants are 
held in increased amounts by the NOx occluding and 25 
reducing catalyst lasts long. In the case of the engine 
which is not so Okely to be so operated that the catalyst 
temperature becomes high, it becomes probable that 
the state in which the contaminants are held in 
increased amounts, by the NOx occluding and reducing 30 
catalyst lasts long. According to this aspect of the 
invention, therefore, when it is judged that the engine is 
not so likely to be so operated that the catalyst temper- 
ature becomes high from the past history of the operat- 
ing condition of the engine, the heating-conducting 35 
condition is so set that the heating-conducting condition 
is widened (i.e., becomes less stringent) as the amount 
of the contaminants held by the NOx occluding and 
reducing catalyst increases (e g., so that the lower-fimit 
catalyst temperature for conducting the heating 40 
decreases as the amount of contaminants held in the 
catalyst increases). Therefore, the state In which the 
contaminants are held in large amounts by the NOx 
occluding and reducing catalyst is prevented from last- 
ing long irrespective of the operating condition of the 45 
engine. 

[0018] According to a further aspect of the present 
invention, there is provided an exhaust gas purification 
device for an internal combustion engine comprising: 

so 

an NOx occluding and reducing catalyst disposed 
in an exhaust gas passage of the internal combus- 
tion engine to absorb NOx in the exhaust gas when 
the air-fuel ratio of the exhaust gas flowing in is 
larger than a stoichiometric air-fuel ratio and to 55 
release and purify the absorbed NOx by reduction 
when the air-fuel ratio of the exhaust gas flowing in 
becomes smaller than the stoichiometric air-fuel 
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ratio, said NOx occluding and reducing catalyst 
exhfoiting a decrease in the capability of absorbing, 
releasing and reducing the NOx as it adsorbs or 
absorbs contaminants in the exhaust gas; 
a holding amount estimation means for estimating 
the amount of said contaminants held by being 
adsorbed or absorbed by said NOx occluding and 
reducing catalyst; 

a healing means for releasing said contaminants 
from the NOx occluding and reducing catalyst by 
heating said NOx occluding and reducing catalyst 
when the amount of said contaminants increases in 
excess of a predetermined judging value and when 
the operating condition of the engine turns into a 
predetermined heating-conducting condition; and 
a heating-conducting condition-setting means for 
setting said heating-conducting condition depend- 
ing upon the properties of the fuel of the engine. 

[001 9] According to this aspect of the invention, the 
heating-conducting condition is set depending upon the 
properties of the fuel. The rate of an increase in the 
amount of contaminants heW by the NOx occluding and 
reducing catalyst changes depending upon the propei 
ties of the fuel. When sulfur components are contained 
in large amounts in the fuel, for example, the amount of 
SOx absorbed and held by the NOx occluding and 
reducing catalyst increases at a large rate, and the 
heating (contamination-recovery operation) must be fre- 
quently conducted. According to this aspect of the 
invention, therefore, when a fuel having properties that 
permit contaminants to easily accumulate on the NOx 
occluding and reducing catalyst is used, the heating- 
conducting condition is widely set so that the heating of 
the NOx occluding and reducing catalyst is frequently 
conducted while the engine is in operation. Therefore, 
the state in which the contaminants are held in large 
amounts by the NOx occluding and reducing catalyst 
does not last long irrespective of the properties of the 
fuel. 

[0020] Accorcfing to a further aspect of the present 
invention, there is provided an exhaust gas purification 
device for an internal combustion engine comprising: 

an NOx occluding and reducing catalyst disposed 
in an exhaust gas passage of the internal combus- 
tion engine to absorb NOx in the exhaust gas when 
the air-fuel ratio of the exhaust gas flowing in is 
larger than a stoichiometric air-fuel ratio and to 
release and purify the absorbed NOx by reduction 
when the air-fuel ratio of the exhaust gas flowing in 
becomes smaller than the stoichiometric air-fuel 
ratio, said NOx occluding and reducing catalyst 
exhibiting a decrease in the capability of absorbing, 
releasing and reducing the NOx as it adsorbs or 
absorbs contaminants in the exhaust gas; 
a holding amount estimation means for estimating 
the amount of said contaminants held by being 
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adsorbed or absorbed by said NOx occluding and 
reducing catalyst; 

a heating means for releasing said contaminants 
from the NOx occluding and reducing catalyst by 
heating said NOx occluding and reducing catalyst s 
when the amount of said contaminants increases in 
excess of a predetermined judging value and when 

the operating concfition-of the engine turns- into a 

predetermined heating-conducting condition; and 
a heating-conducting condition-setting means for 10 
setting said heating-conducting condition depend- 
ing upon the temperature of the cooling water of the 
engine. 

[0021] According to this aspect of the invention, the is 
heating-conducting condition is given as an engine 
cooling water temperature condition. When the temper- 
ature of the cooling water is low. such as immediately 
after the start of the engine, hydrocarbons are emitted in 
relatively large amounts from the combustion chambers 20 
of the engine even under a normal condition. When the 
temperature of the cooling water of the engine is low, 
therefore, the fuel is supplied in a slightly increased 
amount compared to that when the engine is warmed 
up in order to increase the amount of hydrocarbons in 25 
the exhaust gas. Hydrocarbons in the exhaust gas burn 
on the NOx occluding and reducing catalyst upon react- 
ing with oxygen in the exhaust gas, and contribute to 
raising the temperature of the NOx occluding and 
reducing catalyst That is, when the temperature of the 30 
cooling water is low, the temperature of the NOx occlud- 
ing and reducing catalyst can be easily raised by 
increasing the fuel by an amount less than that required 
when the temperature of the cooling water is high. 
According to this aspect of the invention, therefore, the 35 
heating-conducting condition is set depending upon the 
temperature of the cooling water, and the heating-con- 
ducting condition is widened when the temperature of 
the cooling water is low such as at the start of the 
engine, so that the heating is conducted at an increased 40 
frequency when the engine is in operation. Therefore, 
the state in which the contaminants are held in large 
amounts by the NOx occluding and reducing catalyst 
does not last long after the start of the engine. 
[0022] According to a further aspect of the present 45 
invention, there is provided an exhaust gas purification 
device for an internal combustion engine comprising: 

an NOx occluding and reducing catalyst disposed 
in an exhaust gas passage of the internal comb us- so 
tion engine to absorb NOx in the exhaust gas when 
the air-fuel ratio of the exhaust gas flowing in is 
larger than a stoichiometric air-fuel ratio and to 
release and reduce the absorbed NOx when the 
air-fuel ratio of the exhaust gas f lowing in becomes 55 
smaller than the stoichiometric air-fuel ratio, said 
NOx occluding and reducing catalyst exhibiting a 
decrease in the capability of absorbing, releasing 



and reducing the NOx as it adsorbs or absorbs con- 
taminants in the exhaust gas; 
a holding amount estimation means for estimating 
the amount of said contaminants held by being 
adsorbed or absorbed by said NOx occluding and 
reducing catalyst; 

a recovering means which maintains said NOx 
occluding and reducing catalyst within a predeter- 



mined high-temperature range for a predetermined 
recovering period when the holding amount of said 
contaminants estimated by said holding amount 
estimation means has reached a predetermined 
value, and controls the air-fuel ratio of the exhaust 
gas flowing into said NOx occluding and reducing 
catalyst to assume a recovering air-fuel ratio at 
which said contaminants can be released; 
a recovering degree evaluation means for evaluat- 
ing the degree of recovery of the action for absorb- 
ing, releasing and purifying NOx by reduction of 
said NOx occluding and reducing catalyst accom- 
plished by said recovering means; and 
a first changing means for changing the total 
amount of the reducing substances in the exhaust 
gas flowing into said NOx occluding and reducing 
catalyst during the recovering period of the next 
time depending upon the degree of recovery evalu- 
ated by said recovering degree evaluation means. 

[0023] According to this aspect of the invention, the 
total amount of the reducing substances flowing into the 
NOx occluding and reducing catalyst is adjusted during 
the recovering period depending upon the degree of 
recovery from the SOx contamination. Therefore, the 
total amount of the reducing substances in the exhaust 
gas is optimized during the recovering period, and the 
NOx occluding and reducing catalyst is completely 
recovered from the contaminated state without deterio- 
rating the exhaust gas emission. 
[0024] According to a further aspect of the present 
invention, there is provided an exhaust gas purification 
device for an internal combustion engine comprising: 

an NOx occluding and reducing catalyst disposed 
in an exhaust gas passage of the internal combus- 
tion engine to absorb NOx in the exhaust gas when 
the air-fuel ratio of the exhaust gas flowing in is 
larger than a stoichiometric air-fuel ratio and to 
release and reduce the absorbed NOx when the 
air-fuel ratio of the exhaust gas flowing in becomes 
smaller than the stoichiometric air-fuel ratio, said 
NOx occluding and reducing catalyst exhibiting 
decrease in the capability of absorbing, releasing 
and reducing the NOx as it adsorbs or absorbs con- 
taminants in the exhaust gas; 
a holding amount estimation means for estimating 
the amount of said contaminants held by being 
adsorbed or absorbed by said NOx occluding and 
reducing catalyst; 
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a recovering means which maintains said NOx 
occluding and reducing catalyst within a predeter- 
mined high-temperature range for a predetermined 
recovering period when the holding amount of said 
contaminants estimated by said holding amount 5 
estimation means has reached a predetermined 
value, and controls the air-fuel ratio of the exhaust 
gas flowing into said NOx occluding and reducing 
catalyst to assume a recovering air-fuel ratio at 
which said contaminants can be released; w 
an estimation means tor estimating the concentra- 
tion of precursors of said contaminants in the fuel; 
and 

a second changing means for changing the total 
amount of the reducing substances flowing into is 
said NOx occluding and reducing catalyst during 
said recovering period depending upon the concen- 
tration of said precursors estimated by said estima- 
tion means. 

so 

[0025] According to this aspect of the invention, the 
second changing means adjusts the total amount of the 
reducing substances f towing into the NOx occluding 
and reducing catalyst during the recovering period 
depending upon the concentration of the precursors 25 
estimated by the estimation means. Therefore, the total 
amount of the reducing substances is optimized during 
the recovering period depending upon the concentra- 
tion of contaminants in the exhaust gas during the 
recovering period, the concentration of contaminants 30 
changing depending upon the concentration of precur- 
sors of the contaminants m the fuel. It is thus made pos- 
sible to completely remove the contaminant without 
deteriorating the exhaust gas emission. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The present invention will be better understood 
from the description as set forth hereinafter with refer- 
ence to the accompanying drawings in which: 40 

Fig. 1 is a view schematically illustrating the consti- 
tution of an embodiment in which the present inven- 
tion is applied to an internal combustion engine for 
an automobile; 45 
Fig. 2 is a flowchart explaining an embodiment of 
the operation for judging the contamination-recov- 
ery conditions fa* an NOx occluding and reducing 
catalyst; 

Fig. 3 is a flowchart explaining an embodiment of so 
the temperature-raising and recovery operations for 
the NOx occluding and reducing catalyst; 
Fig. 4 is a diagram illustrating the judged catalyst 
temperatures for executing the temperature-raising 
and recovery operations of Fig. 2; 55 
Fig. 5 is a diagram illustrating how to set the cata- 
lyst temperatures for judgement of Fig. 4 ; 
Fig. 6 is a flowchart explaining the operation for 



judging the contamination-recovery conditions for 
the NOx occluding and reducing catalyst according 
to an embodiment different from that of Fig. 2; 
Fig. 7 is a flowchart explaining the temperature- 
raising and recovery operations according to the 
embodiment of Fig. 6; 

Fig. 8 is a diagram illustrating the engine operating 
conditions tor executing the temperature-raising 
and recovery operations according to the embodi- 
ment of Fig. 6; 

Fig. 9 is a diagram illustrating the engine operating 
conditions for executing the temperature-raising 
and recovery operations according to the embodi- 
ment of Fig. 6; 

Fig. 10 is a diagram illustrating the engine operating 
conditions for executing the temperature-raising 
and recovery operations according to the embodi- 
ment of Fig. 12; 

Fig. 1 1 is a diagram illustrating the engine operating 
conditions for executing the temperature-raising 
and recovery operations according to the embodi- 
ment of Fig. 12; 

Fig. 12 is a flowchart explaining the operation for 
judging the contamination-recovery conditions for 
the NOx occluding and reducing catalyst according 
to an embodiment different from those of Figs. 2 
and 6; 

Fig. 13 is a flowchart explaining the operation for 
judging the contamination-recovery conditions for 
the NOx occluding and reducing catalyst according 
to an embocfiment different from those of Figs. 2, 6 
and 12; 

Fig. 14 is a flowchart explaining the temperature- 
raising and recovery operations according to the 
embodiment of Fig. 13; 

Fig. 15 is a diagram illustrating the catalyst temper* 
atures for judgement of Fig. 4; 
Fig. 16 is a flowchart explaining the operation for 
judging the contamination-recovery conditions for 
the NOx occluding and reducing catalyst according 
to an embodiment different from those of Figs. 2. 6. 
12 and 13; 

Fig. 17 is a flowchart explaining the temperature 
raising and recovery operations according to the 
embodiment of Fig. 16; 

Fig. 18 is a diagram illustrating the engine operating 
conditions for executing the temperature-raising 
and recovery operations in the operation of Fig. 16; 
Fig. 19 is a diagram illustrating the engine operating 
conditions for executing the temperature-raising 
and recovery operations in the operation of Fig. 16; 
Fig. 20 is a flowchart explaining the operation for 
judging the contamination-recovery conditions for 
the NOx occluding and redudng catalyst according 
to an embodiment different from those of Figs. 2. 6. 
12, 13and16; 

Fig. 21 is a flowchart explaining the operation for 
setting a flag in the flowchart of Fig. 20; 
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Fig. 22 is a flowchart explaining a rich-spike opera- 
tion of Fig. 20; 

Fig. 23 is a flowchart explaining the contamination- 
recovery operation of Fig. 20; 
Fig. 24 is a flowchart explaining the contamination- 
recovery operation different from that of Fig. 23; 
Fig. 25 is a flowchart explaining the operation for 
- setting a targeUir-fueLratioat-the-time of the recov-- 
ery operation; and 

Fig. 26 is a map of target air-fuel ratios used for the 
operation of Fig. 25. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0027] Hereinafter, embodiments of the exhaust gas 
purification device according to the present invention 
will be explained with reference to Figs. 1 through 26. 
[0028] Fig 1 is a view schematically illustrating the 
constitution of an embodiment in which the present 20 
invention is applied to an internal combustion engine for 
an automobile. 

[0029] ,ln Fig. 1, reference numeral 1 designates an 
internal combustion engine for an automobile. In this 
embodiment, the engine 1 is a four-cylinder gasoline 25 
engine having four cylinders #1 to #4 which are 
equipped with fuel injection valves 111 to 114 for 
directly injecting fuel into the cylinders. As will be 
described later, the internal combustion engine 1 of this 
embodiment is a lean burn engine that can be operated 30 
at a lean air-fuel ratio (i.e., an air-fuel ratio larger than a 
stoichiometric air-fuel ratio). 

[0030] In this embodiment furthermore, the cylinders 
#1 to #4 are grouped into two groups of cylinders each 
including two cylinders in which the ignition timings do 35 
not take place consecutively On the embodiment of Fig. 
1 , for example, the order of igniting the cylinders is 1 -3- 
4-2. Therefore, the cylinders #1 and #4 form one group 
of cylinders, and the cylinders #2 and #3 form another 
group of cylinders). The exhaust port of each cylinder is 40 
connected to an exhaust manifold of each group of cyl- 
inders, and is connected to an exhaust passage of each 
group of cylinders. In Fig. 1, reference numeral 21a 
denotes an exhaust manifold for connecting exhaust 
ports of the group of the cylinders #1 and #4 to an inde- 45 
pendent exhaust passage 2a, and 21b denotes an 
exhaust manifold for connecting exhaust ports of the 
group of the cylinders #2 and #4 to an independent 
exhaust passage 2b. In this embodiment start catalysts 
(hereinafter referred to as "SC") 5a and 5b comprising a so 
three-way catalyst are arranged on the independent 
exhaust passages 2a and 2b. The independent exhaust 
passages 2a and 2b meet in a common exhaust pas- 
sage 2 on the downstream side of the SC. 
[0031 ] An NOx occluding and reducing catalyst 7 that ss 
will be described later is arranged in the common 
exhaust passage 2. In Fig. 1, reference numerals 29a 
. and 29b denote air-fuel sensors arranged on the 



upstream side of the start catalysts 5a and 5b of the 
independent exhaust passages 2a and 2b, and refer- 
ence numeral 31 denotes an air-fuel sensor arranged at 
an outlet port of the NOx occluding and reducing cata- 
lyst in the exhaust passage 2. The air-fuel sensors 29a, 
29b and 31 are so-called linear air-fuel sensors that pro- 
duce voltage signals which change continuously, corre- 
sponding to the^ir-fuel_ratio_of_an exhaust_gas,_cwera_ 
wide range of air-fuel ratios. 

[0032] In Fig. 1 , furthermore, reference numeral 30 
denotes an electronic control unit (ECU) of the engine 1 . 
In this embodiment, the ECU 30 is a microcomputer of 
a known type having a RAM, a ROM and a CPU, and 
performs basic control operations such as an ignition 
timing control and a fuel injection control for the engine 
1. In this embodiment, the ECU 30 further works as a 
holding amount estimation means for estimating the 
amount of contaminants such as SOx absorbed by the 
NOx occluding and reducing catalyst 7, works as a 
heating means for heating the NOx occluding and 
reducing catalyst 7, and works as a heating-conducting 
condition-setting means for setting the heating-conduct- 
ing condition as will be described later, in addition to 
executing the above-mentioned basic control opera- 
tions. 

[0033] The input ports of the ECU 30 receive signals 
from the air-fuel ratio sensors 29a and 29b representing 
the exhaust gas air-fuel ratios at the inlet ports of the 
start catalysts 5a and 5b, a signal from the air-fuel ratio 
sensor 31 representing an exhaust gas air-fuel ratio at 
the outlet port of the NOx occluding and reducing cata- 
lyst 7. a signal corresponding to the intake air pressure 
of the engine from an intake-air-pressure sensor 33 pro- 
vided in the intake manifold (not shown), and a signal 
corresponding to the engine rotational speed from a 
rotational speed sensor 35 disposed near the crank 
shaft (not shown) of the engine. In this embodiment fur- 
thermore, the input ports of the ECU 30 receive a signal 
representing the amount the accelerator pedal is 
depressed by a driver (degree of accelerator opening) 
from an accelerator opening-degree sensor 37 dis- 
posed near an accelerator pedal (not shown) of the 
engine 1 and a signal representing the temperature of 
the cooling water from a cooling water temperature sen- 
sor 39 disposed in a cooling water passage (not shown) 
of the engine. The output port of the ECU 30 is con- 
nected to the fuel injection valves 1 1 1 to 1 14 of the cyl- 
inders to control the amount of fuel injected into the 
cylinders and the timings for fuel injection. 
[0034] In this embodiment, the ECU 30 operates the 
engine 1 in the following five combustion modes 
depending upon the amount of fuel injection into the 
engine, i.e., depending upon the load exerted on the 
engine: 

(D A lean air-fuel ratio stratified charge combustion 

(one fuel injection in the compression stroke). 

© A lean air-fuel ratio uniform mixture/stratified 
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charge combustion (one fuel injection in the intake 
stroke and one fuel injection in the compression 
stroke). 

® A lean air-fuel ratio uniform mixture combustion 
(one fuel injection in the intake stroke). 
<£> A stoichiometric air-fuel ratio uniform mixture 
combustion (one fuel injection in the intake stroke). 
<3> A rich air-fuel ratio uniform mixture combustion 
(one fuel injection in the intake stroke). 

[0035] That is, the lean air-fuel ratio stratified charge 
combustion (J) is earned out in the fight-load operation 
region of the engine 1. In this state, the fuel is injected 
into the cylinders only one time in the latter half of the 
compression stroke in each cylinder, and the injected 
fuel forms a layer of a combustible air-fuel ratio mixture 
near the spark plug in the cylinder. In this operation 
state the fuel is injected in a very small amount and the 
air-fuel ratio in the cylinder as a whole is about 30 to 
about 20. 

[0036] As the load increases from the above-men- 
tioned state ® to enter into the low-load operation 
region, there takes place the above-mentioned lean air- 
fuel ratio uniform mixture/stratified charge combustion 
<2). The amount of fuel injected into the cylinder 
increases with an increase in the load exerted on the 
engine. In the above-mentioned stratified charge com- 
bustion CD, the fuel is injected in the latter half of the 
compression stroke, whereby the injection time is lim- 
ited and limitation is imposed on the amount of fuel for 
forming the stratified charge. In this load region, there- 
fore, the fuel is injected in advance in the former half of 
the intake stroke in an amount to compensate for the 
shortage of the fuel injected in the latter half of the com- 
pression stroke, thereby to supply the fuel in a target 
amount into the cylinder. The fuel injected into the cylin- 
der in the former half of the intake stroke forms a very 
lean and uniform mixture before being ignited. In the lat- 
ter half of the compression stroke, the fuel is further 
injected into this very lean and uniform mixture in order 
to form the charge of a combustible air-fuel ratio mixture 
near the sparkplug. At the time of ignition, this combus- 
tible air-fuel ratio mixture charge starts burning, and the 
flame propagates to the surrounding lean mixture 
charge, so that the combustion takes place stably. In 
this state, the amount of fuel injected in the intake stroke 
and in the compression stroke is larger than that of the 
mode 0, but the air-fuel ratio as a whole is still lean 
(e.g.. an air-fuel ratio of about 25 or smaller). 
[0037] When the load on the engine further increases, 
the engine combustion becomes the lean air-fuel ratio 
uniform mixture combustion <g). In this state, the fuel is 
injected only one time in the former half of the intake 
stroke, and the amount of the injected fuel becomes 
larger than that of the mode @. The uniform mixture 
formed in the cylinder in this state assumes a lean air- 
fuel ratio which is relatively close to the stoichiometric 
air-fuel ratio. 



[0038J As the load on the engine further increases to 
enter into the high-load operation region of the engine, 
the amount of fuel becomes larger than that of the mode 
® , and the engine operation becomes the stoichiomet- 
5 ric air-fuel ratio uniform mixture operation ®. In this 
state, a uniform mixture of the stoichiometric air-fuel 
ratio is formed in the cylinder, and the engine output 
increases. When the load on the engine further 
increases to cause the full-load operation of the engine. 
io the amount of fuel is further increased in excess of that 
of the mode <3>, and the engine operation becomes the 
rich air-fuel ratio uniform mixture operation ©. In this 
state, the uniform mixture formed in the cylinder 
becomes a rich air-fuel ratio. 
is [0039] In this embodiment, optimum operation modes 
(3) to © have been empirically set depending upon the 
degree of accelerator opening (amount of the accelera- 
tor pedal depressed by the driver) and the rotational 
speed of the engine, and a map using the degree of 
20 accelerator opening and the engine rotational speed is 
stored in the ROM of the ECU 30. When the engine 1 is 
in operation, the ECU 30 determines which one of the 
above-mentioned operation modes ® to © is selected 
based on the degree of accelerator opening detected by 
25 the accelerator opening-degree sensor 37 and the rota- 
tional speed of the engine, and determines the amount 
of fuel injection, the timing for fuel injection and the 
number of times, depending on each of the modes. 
[0040] When any one of the modes® to® (lean air- 
30 fuel ratio combustion) is selected, the ECU 30 deter- 
mines the amount of fuel injection from the degree of 
accelerator opening and the rotational speed of the 
engine based on the maps that have been prepared in 
advance for the modes Q) to <S>. When the modes ® or 
35 © (stoichiometric air-fuel ratio uniform mixture combus- 
tion or rich air-fuel ratio uniform mixture combustion) are 
selected, the ECU 30 sets the amount of fuel injection 
based on the intake air pressure detected by the intake 
air pressure sensor 33 and the rotational speed of the 
40 engine by using maps that have been prepared for the 
modes @ and ©. 

[0041 ] When the mode ® (stoichiometric air-fuel ratio 
uniform mixture combustion) is selected, the ECU 30 
corrects by feedback the amount of fuel injection calcu- 
45 lated as described above relying on the outputs of the 
air-fuel sensors 29a and 29b. so that the air-fuel ratio in 
the exhaust gas of the engine is controlled at the stoichi- 
ometric air-fuel ratio. 

[0042] In the engine 1 of this embodiment as 
so described above, the amount of fuel injection increases 
with an increase in the load on the engine, and the oper- 
ation mode changes depending upon the amount of fuel 
injection. In the following description, therefore, the 
amount of fuel injection is commonly used in all of these 
55 modes as a parameter representing the load on the 
engine. 

[0043] Next, described below are the start catalysts 
5a, Sb and the NOx occluding and reducing catalyst 7 
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according to this embodiment 
[0044] The start catalysts (SC) 5a and 5b are consti- 
tuted as a three-way catalyst by using a honeycomb- 
shaped substrate of cordierite or the like, forming a thin 
coating of alumina on the surface of the substrate, and 
carrying a noble metal catalyst component such as plat- 
inum Pt, palladium Pd or rhodium Rh on the alumina 
- 1 ayer-Th e ihree-war catalyst -highly effici ently removes- 



adheres onto platinum Pt. whereby NOx in the exhaust 
gas reacts with 



the three components, i.e., HC. CO and NOx near the 
stoichiometric air-fuel ratio. The three-way catalyst io 
exhibits a decreased ability for reducing NOx when the or 
air-fuel ratio of the exhaust gas flowing in becomes 
higher than the stoichiometric air ratio When the engine 
1 is operating at a lean air-fuel ratio, therefore, the three- 
way catalyst is not capable of removing NOx in the is 
exhaust gas to a sufficient degree. 
[0045] The start catalysts (SC) 5a and 5b are dis- 
posed in the exhaust passages 2a and 2b at positions 
close to the engine 1 and have a relatively small capac- 
ity to decrease their heat capacity, so that they can be 20 
heated to the activated temperature within a short 
period of time after the start of the engine. 
[0046] Next, described below is the NOx occluding 
and reducing catalyst 7 according to this embodiment 
The NOx occluding and reducing catalyst 7 according to 25 
this embodiment uses alumina as a substrate to carry at 
least one component selected from the alkali metals 
such as potassium K. sodium Na. lithium Li and cesium 
Cs, alkaline earth elements such as barium Ba and cal- 
cium Ca, and rare earth elements such as lanthanum 30 
La, cerium Ce and yttrium Y, as well as a noble metal 
such as platinum Pt The NOx occluding and reducing 
catalyst exhibits the action of absorbing and releasing 
NOx, Le.. absorbing NOx (N0 2 , NO) in the exhaust gas 
and holding them in the form of nitric acid ions 35 



on platinum Pt and forms NO2. NO^ in the exhaust gas 
and NO2 thus formed are further oxidized on platinum 
Pt, are absorbed by the absorbing agent such as barium 
oxide BaO, in which they are bonded to barium oxide 
BaO. and are diffused in the form of nitric acid ions 



NO 



3' 



NO 



when the air-fuel ratio of the exhaust gas flowing in is 
lean, and releases the absorbed NOx when the air-fuel 
ratio of the exhaust gas flowing in becomes rich. 
[0047] The mechanism for absorbing and releasing 
NOx will be described next with reference to the case of 
using platinum Pt and barium Ba. The same mecha- 
nism, however, is created even when other noble met- 
als, alkali metals, alkaline earth elements and rare earth 
elements are used. 

[0048] When the concentration of oxygen increases in 
the exhaust gas that are flowing in (i.e., when the air- 
fuel ratio of the exhaust gas becomes larger (leaner) 
than the stoichiometric air-fuel ratio), oxygen in the form 
of 



40 



45 



50 



55 



or 



in the absorbing agent. In a lean atmosphere, therefore, 
NOx in the exhaust gas is absorbed in the form of 
nitrates by the NOx-absorbing agent 
[0049] When concentration of oxygen greatly 
decreases in the exhaust gas (i.e., when the air-fuel 
ratio of the exhaust gas becomes smaller (richer) than 
the stoichiometric air-fuel ratio), the amount of N0 2 
formed on platinum Pt decreases, and the reaction pro- 
ceeds in the reverse direction. This causes nitric acid 
ions 

NO3- 

in the absorbing agent to be released in the form of N0 2 
from the absorbing agent In this case, if the reducing 
components such as CO and the like as well as compo- 
nents such as HC, C0 2 and the like are included in the 
exhaust gas, NO2 is reduced by these components on 
platinum Pt 

[0050] This embodiment uses the engine 1 capable of 
operating at a lean air-fuel ratia When the engine 1 is 
operated at a lean air-fuel ratio, the NOx occluding and 
reducing catalyst absorbs NOx in the exhaust gas that 
flows in the catalyst. When the engine 1 is operated at a 
rich air-fuel ratio, the NOx occluding and reducing cata- 
lyst 7 releases and purities the absorbed NOx by reduc- 
tion. According to this embodiment when NOx is 
absorbed in increased amounts by the NOx occluding 
and reducing catalyst 7 during the operation at a lean 
air-fuel ratio, a rich-spike operation is carried out to 
switch the air-fuel ratio of the engine from a lean air-fuel 
ratio to a rich air-fuel ratio for a short period of time in 
order to release NOx from the NOx occluding and 
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reducing catalyst and to purify NOx by reduction (to 
regenerate the NOx occluding and reducing catalyst). 
[0051] In this embodiment, the ECU 30 increases or 
decreases the value of an NOx counter in order to esti- 
mate the amount of NOx absorbed and held by the NOx 
occluding and reducing catalyst 7. The amount of NOx 
absorbed by the NOx occluding and reducing catalyst 7 
per a unit time varies in proportion to the amount of NOx 
in the exhaust gas flowing into the NOx occluding and 
reducing catalyst per a unit time, i.e., varies in propor- 
tion to the amount of NOx generated by the engine 1 per 
a unit time. Further, the amount of NOx generated by 
the engine per a unit time is determined by the amount 
of fuel fed to the engine, air-fuel ratio, flow rate of the 
exhaust gas, etc. When the operating conditions of the 
engine are determined, therefore, the amount of NOx 
absorbed by the NOx occluding and reducing catalyst 
can be determined. According to this embodiment the 
engine operating conditions (degree of accelerator 
opening, engine rotational speed, amount of the intake 
air, intake air pressure, air-fuel ratio, amount of feeding 
fuel, etc.) are changed to measure the amount of NOx 
generated by the engine per a unit time, and the amount 
of NOx absorbed by the NOx occluding and reducing 
catalyst 7 per a unit time is stored in the ROM of ECU 30 
in the form of a numerical value map using, for example, 
the load on the engine (amount of fuel injection) and the 
engine rotational speed. The ECU 30 calculates the 
amount of NOx absorbed by the NOx occluding and 
reducing catalyst per a unit time after every predeter- 
mined period of time (after every unit time) by using the 
load on the engine (amount of fuel injection) and the 
engine rotational speed, and increases the NOx counter 
by the amount of NOx absorbed. Therefore, the value of 
the NOx counter always indicates the amount of NOx 
absorbed by the NOx occluding and reducing catalyst 7. 
When the value of the NOx counter reaches a predeter- 
mined value while the engine is in operation at a lean 
air-fuel ratio, the ECU 30 executes the rich-spike opera- 
tion in which the operation air-fuel ratio of the engine is 
changed to a rich air-fuel ratio for a short period of time. 
Therefore, NOx absorbed by the NOx occluding and 
reducing catalyst is released and purified by reduction. 
The time for maintaining the exhaust gas air-fuel ratio at 
a rich air-fuel ratio during the rich-spike operation is 
experimentally determined depending upon the type 
and volume of the NOx occluding and reducing catalyst 
The value of the NOx counter is reset to 0 after the NOx 
is released from the NOx occluding and reducing cata- 
lyst and is purified by reduction upon the execution of 
the rich-spike operation. Upon effecting the rich-spike 
operation depending upon the amount of NOx absorbed 
by the NOx ocducfing and reducing catalyst 7 as 
described above, the NOx ocducfing and reducing cata- 
lyst 7 is properly regenerated and is not saturated with 
NOx which the catalyst has absorbed. 
[0052] It is known that sulfur oxides (SOx) contained 
in the exhaust gas is also absorbed in the NOx occlud- 



ing and reducing catalyst and forms sulfates (e.g., 
BaS04) by quite the same mechanism as that for 
absorbing NOx under lean conditions. Like NOx. the 
sulfates are released in the form of S0 2 from the NOx 
5 occluding and reducing catalyst when the air-fuel ratio 
of the exhaust gas becomes rich. Generally, however, 
the sulfates remain stable. To release SOx from the 
NOx occluding and reducing catalyst, however, the NOx 
occluding and reducing catalyst must be heated at a 
io temperature higher than that of when NOx are to be 
released. Therefore, SOx are not released to a suffi- 
cient degree by the normal regenerating operation of 
the NOx occluding and reducing catalyst; i.a, SOx are 
gradually accumulated in the absorbing agent and the 
is amount of the absorbing agent that participates in 
absorbing NOx decreases. As SOx accumulate, there- 
fore, the capacity of the NOx occluding and reducing 
catalyst for absorbing NOx decreases, giving rise to the 
occurrence of a so-called SOx contamination of the 
20 NOx ocducfing and reducing catalyst 

[0053] In crder to recover from the SOx contamina- 
tion, the NOx occluding and reducing catalyst must be 
maintained at a contamination-recovery temperature 
(e.g. t 600°C or higher) which is higher than a tempera- 
25 ture (e.g., 250°C or higher) at which the NOx occluding 
and reducing catalyst is usually regenerated to release 
NOx and. besides, the air-fuel ratio of the exhaust gas 
flowing into the NOx occluding and reducing catalyst 
must be maintained at an air-fuel ratio smaller than the 
30 stoichiometric air-fuel ratio (a rich air-fuel ratio). 

[0054] Therefore, when the temperature of the NOx 
occluding and reducing catalyst is lower than the above- 
mentioned contamination-recovery temperature, the 
NOx occluding and reducing catalyst 7 must be heated 
35 to a temperature higher than the contamination-recov- 
ery temperature in order to perform SOx contamination- 
recovery operation. According to this embodiment as 
will be described later, the contamination of the NOx 
occluding and reducing catalyst 7 is removed by con- 
40 ducting two operations, i.a, a temperature-raising oper- 
ation for heating the NOx occluding and reducing 
catalyst 7 up to the contamination-recovery temperature 
and a recovery operation for releasing SOx from the 
NOx occluding and reducing catalyst by maintaining the 
45 NOx ocducfing and reducing catalyst 7, after the tem- 
perature thereof is raised, in an atmosphere of a rich air- 
fuel ratio. 

[0055] On the other hand, the temperature of the NOx 
occluding and reducing catalyst 7 greatly changes 

so depending on the operating conditions of the engine 
(such as the exhaust gas temperature). In some operat- 
ing conditions of the engine, the temperature of the NOx 
occluding and reducing catalyst 7 may be much lower 
than the above-mentioned contamination-recovery tern- 

?5 perature. When the temperature-raising operation is 
carried out to heat the NOx occluding and reducing cat- 
alyst 7, energy is consumed in an increased amount to 
deteriorate the fuel efficiency of the engine. When the 
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temperature of the NOx occluding and reducing catalyst 
7 is much lower than the contamination-recovery tem- 
perature, therefore, the contamination-recovery opera- 
tion is not executed despite the holding amount of SOx 
has reached a predetermined value but instead, it must 
wait until the temperature of the NOx occluding and 
reducing catalyst rises to near the contaminatior>recov- 
— ery_tCTi perature de per^g_upQg_a_(^ange_Jri_ the, 
engine operating conditions, so that the fuel efficiency 
will not be deteriorated. 

[0056] Here, however, if the temperature range in 
which the temperature-raising operation for the NOx 
occluding and reducing catalyst 7 is carried out is fixed, 
the contamination-recovery operation will not be exe- 
cuted even if holding amount of SOx is increased when 
the engine is operated for extended periods of time 
under the operating conditions in which the catalyst 
temperature lies outside the above-mentioned tempera- 
ture range. Therefore, the amount of SOx held by the 
NOx occluding and reducing catalyst continues to 
increase. If the holding amount of SOx continues to 
increase, the NOx-absorbing capacity of the NOx 
occluding and reducing catalyst 7 decreases, and the 
catalyst is saturated with NOx after it has absorbed NOx 
in only small amounts. Therefore, unpurified NOx is 
released into the open air when the engine is in opera- 
tion. 

[0057] According to this embodiment therefore, the 
range of the catalyst temperature in which the tempera- 
ture-raising operation is conducted is expanded with an 
increase in the amount of SOx held by the NOx occlud- 
ing and reducing catalyst 7, in order to prevent the NOx 
occluding and reducing catalyst from being saturated. 
Thus, the range of the catalyst temperature in which the 
temperature-raising operation is conducted is expanded 
with an increase in the amount of SOx held by the NOx 
occluding and reducing catalyst and the contamination- 
recovery operation is executed even at a low catalyst 
temperature. Therefore, the contamination-recovery 
operation is executed when the holding amount of SOx 
increases to some extent despite the engine being con- 
tinuously operated under such operating conditions that 
the catalyst temperature remains low, and the NOx 
occluding and reducing catalyst recovers its absorbing 
capacity. Thus, the NOx occluding and reducing catalyst 
is not saturated, and unpurified NOx is prevented from 
being released. 

[0058] Fig. 2 is a flowchart explaining the operation for 
judging the contamination-recovery conditions for the 
NOx occluding and reducing catalyst 7 according to this 
embodiment. This operation is conducted as a routine 
executed by the ECU 30 after every predetermined 
period of time. 

[0059] In this operation, the ECU 30 judges whether 
the temperature-raising operation (heating operation) 
and the recovery operation for the NOx occluding and 
reducing catalyst that will be described later can be exe- 
cuted or not based on the SOx-holding amount CSOX of 
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the NOx occluding and reducing catalyst 7 and the tem- 
perature TCAT of the NOx occluding and reducing cata- 
lyst and sets the conditions for executing the 
temperature-raising operation depending upon the 
SOx-holding amount CSOX of the NOx occluding and 
reducing catalyst 7. 

[0060] According to this embodiment as described 
above^when the-SOx-holding^mount^SOX<rf^he NOx- 
occluding and reducing catalyst 7 becomes greater than 
a predetermined amount CSOXq, it is judged whether 
the temperature-raising operation and the recovery 
operation can be executed or not depending upon the 
temperature TCAT of the NOx occluding and reducing 
catalyst 7. Fig. 4 is a diagram illustrating the catalyst 
temperature TCAT and the values for judging whether 
the temperature-raising/recovery operations be exe- 
cuted for the NOx occluding and reducing catalyst 7 
according to the embodiment. In Fig. 4, symbol T t 
denotes a lower-limit temperature for permitting the exe- 
cution of the temperature-raising operation, T 2 denotes 
a lower-limit temperature for permitting the execution of 
the recovery operation and T 3 denotes an upper-limit 
temperature for permitting the execution of the recovery 
operation. According to this embodiment as shown in 
Fig. 4. therefore, neither the temperature-raising opera- 
tion nor the recovery operation is executed in the cata- 
lyst temperature regions erf TCAT < T t (region I in Fig. 4) 
and TCAT §= T 3 (region IV in Fig. 4) despite SOx are 
held in increased amounts. Both the temperature-rais- 
ing operation and the recovery operation are executed 
in the catalyst temperature region of T, s TCAT < T 2 
(region II in Fig. 4), and the recovery operation only is 
executed in the catalyst temperature region of T 2 s 
TCAT < T 3 (region III in Fig. 4). In this embodiment as 
will be descrfoed later, the operating air-fuel ratio of the 
engine 1 is controlled to increase HC. CO and oxygen in 
the exhaust gas flowing into the NOx occluding and 
reducing catalyst in order to execute the operation for 
raising the temperature of the NOx occluding and 
reducing catalyst When the catalyst temperature is low, 
therefore, an increased period of time is required for 
raising the temperature, and the fuel efficiency and the 
quality of exhaust gas of the engine are often deterio- 
rated. In this embodiment therefore, when the catalyst 
temperature TCAT is lower than the lower-limit value 1 A , 
the contamination-recovery operation (temperature- 
raising/recovery operation) is not executed, so that the 
fuel efficiency and the quality of exhaust gas will not be 
deteriorated. When the recovery operation is executed 
according to this embodiment furthermore, exhaust 
gas of a rich air-fuel ratio dose to the stoichiometric air- 
fuel ratio is fed to the catalyst When the catalyst tem- 
perature is high, therefore, execution of the recovery 
operation may often cause the catalyst temperature to 
be excessively raised due to oxidation of HC and CO in 
the exhaust gas. In this embodiment, therefore, the con- 
tamination-recovery operation is not executed when the 
catalyst temperature is higher than the upper-limit value 
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T 3 in order to prevent the catalyst from overheating. 
[0061] Fig. 5 is a diagram illustrating a relationship 
between the temperature-judging values T 1t T 2 , T 3 and 
the sax-holding amount CSOX of the NOx occluding 
and reducing catalyst according to the embodiment In 
this embodiment as shown in Fig. 5, T 3 and T 2 are set 
to remain constant (T 3 « 700°C, T 2 ^ 600°C) irrespec- 
tive of the SOx-holding amount CSOX. The lower-Omit 
value T 1 for executing the temperature-raising operation 
is set to remain constant (T t = 550°C) over a range of 
CSOX s CSOXq but is set to decrease with an increase 
in the SOx-holding amount CSOX over a range of CSOX 
> CSOXq. Therefore, as the amount of SOx held by the 
NOx occluding and reducing catalyst increases, the 
contamination-recovery operation is executed even at a 
low catalyst temperature, and the absorbing capacity of 
the NOx occluding and reducing catalyst is prevented 
from decreasing. In this embodiment, the value T 3 
remains constant irrespective of the value CSOX. The 
value T 3 , however, may be set to increase with an 
increase in the value CSOX over the range of CSOX > 
CSOXq contrary to in order to expand the region for 
executing the contamination-recovery operation. 
[0062] Next, described below is the operation for judg- 
ing the contamination-recovery conditions of Fig. 2. 
[0063] When the operation starts in Fig. 2, the catalyst 
temperature TCAT and the amount of SOx CSOX held 
by the NOx occluding and reducing catalyst 7 are read 
at a step 201 . This embodiment uses an SOx counter 
CSOX for estimating the amount of SOx absorbed and 
held by the NOx occluding and reducing catalyst 7. The 
amount of SOx absorbed by the NOx occluding and 
reducing catalyst 7 per a unit time is proportional to the 
amount of SOx in the exhaust gas flowing into the NOx 
occluding and reducing catalyst per a unit time, i.e., pro- 
portional to the amount of SOx generated by the engine 
1 pa- a unit time. On the other hand, the amount of SOx 
generated by the engine per a unit time is determined 
by the operating conditions of the engine (amount of 
feeding ttie fuel). When thQ operating conditions of the 
engine are determined, therefore, it is possible to know 
the amount of SOx absorbed by the NOx occluding and 
reducing catalyst According to this embodiment, the 
amount of SOx generated by the engine per a unit time 
is measured under various engine operating conditions 
(degree of accelerator opening, engine rotational 
speed, amount of the intake air, intake air pressure, air- 
fuel ratio, amount of feeding fuel, etc.), and the amount 
of SOx absorbed by the NOx occluding and reducing 
catalyst 7 per a unit time is calculated and is stored in 
the ROM of ECU 30 in the form of a numerical value 
map using, for example, load on the engine (amount of 
fuel injection) and the engine rotational speed as 
parameters. The ECU 30 calculates the amount of SOx 
absorbed by the NOx occluding and reducing catalyst 
per a unit time at predetermined intervals (every unit 
time) by using the load on the engine (amount of fuel 
injection) and the engine rotational speed, and 



increases the SOx counter by the calculated amount of 
SOx. Therefore/the value CSOX always indicates the 
amount of SOx held by the NOx occluding and reducing 
catalyst 7. 

5 [0064] The temperature TCAT of the NOx occluding 
and reducing catalyst 7 may be directly detected by dis- 
posing a temperature sensor on a catalyst bed of the 
catalyst 7 or may be estimated from the operating con- 
ditions of the engine. A change in the temperature of the 

10 NOx ocducfing and reducing catalyst 7 per a unit time is 
determined by the difference between the catalyst tem- 
perature and the exhaust gas temperature and the flow 
rate of the exhaust gas. Therefore, if the catalyst tem- 
perature when the engine started (i.e., an initial catalyst 

is temperature) is known, the catalyst temperature can be 
sequentially calculated by adding the amount of the 
change in the catalyst temperature per a unit time to the 
initial catalyst temperature Further, it can be assumed 
that the catalyst temperature is nearly the same as the 

20 engine coding water temperature when the engine is 
started. Therefore, the catalyst temperature can be 
obtained by repeating the calculation in which the 
amount of the change in the catalyst temperature per a 
unit time and the catalyst temperature after the temper- 
as ature change is calculated periodically (at every unit 
time) after the engine started, using the cooling water 
temperature as an initial value of the catalyst tempera- 
ture. 

[0065] After TCAT and CSOX are read at the step 201, 
30 a value of a flag XS is judged at a step 203 in regard to 
whether the contamination-recovery operation is now 
bang executed or not When XS = 1 (being executed), 
the routine proceeds to a step 21 3 that win be described 
later. When the contamination-recovery operation is not 
35 being executed, the routine proceeds to a step 205 
where it is judged whether the SOx-holding amount 
CSOX is increasing in excess of a predetermined value 
CSOXq or not When CSOX s CSOXq at the step 205, 
the amount of SOx held by the NOx occluding and 
40 reducing catalyst 7 is snail, and there is no need to exe- 
cute the contamination-recovery operation. Therefore, 
the routine ends without executing a step 207 and sub- 
sequent steps. 

[0066] When CSOX > CSOXq, on the other hand, the 
45 routine proceeds to the step 207, and the temperature- 
judging values T|, T 2 and T 3 are set from the relation- 
ship of Fig. 5 based on the value CSOX. At steps 209 
and 21 1, the catalyst temperature is compared with T 1 
and T 2 . When TCAT < T, (step 209) and TCAT s T 3 
so (step 21 1), the routine ends without executing the con- 
tamination-recovery operation. When T t s TCAT < T 3 , 
the routine proceeds to a step 213. 
[0067] At the step 213, it is determined whether the 
operation for raising the temperature of the catalyst 
55 should be executed based on the present catalyst tem- 
perature TCAT. That is. when the present catalyst tem- 
perature TCAT is not lower than the judging value T 2 , 
the value of the temperature-raising operation execution 
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flag XH is set to 0 (step 215). When TCAT is not lower 
than T 2 . the value of the flag XH is set to 1 (step 217). 
When the value of the flag XH is set to 1 , the operation 
for raising the temperature of the catalyst 7 (step 303 in 
Fig. 3) is executed in the temperature-raising/recovery 
operation (Fig. 3) that wiD be described later. In this 
embodiment, when the contamination -recovery opera- 
tion is being executed (XS^ 1 at the step 203),_the opet_ 
ations of the steps 205 to 211 are not executed. 
However, the operations of the step 21 3 and of the sub- 
sequent steps are executed even when the contamina- 
tion-recovery operation is being executed. Thus, when 
the catalyst temperature TCAT becomes lower than T 2 , 
the value of the flag XH is set to 1 and the operation is 
executed for raising the temperature of the catalyst 
despite the contamination-recovery operation being 
executed. 

[0068] After the end of the step 215 or 21 7, the con- 
tamination-recovery operation execution flag XS and 
the recovery operation execution flag XR are set to 1 at 
the steps 219 and 221, respectively, and the routine 
ends. 

[0069] Fig. 3 is a flowchart illustrating the tempera- 
ture-raising/recovery operation for the NOx occluding 
and reducing catalyst 7 according to the embodiment 
The operation is conducted as a routine executed by the 
ECU 30 at predetermined intervals. 
[0070] At a step 301 in Fig. 3. it is judged whether the 
value of the temperature-raising operation execution 
flag XH is 1. When XH = 1 (temperature-raising opera- 
tion is being executed), the routine proceeds to a step 
303 where the temperature-raising operation is exe- 
cuted, and the routine ends. When XH = 0 (catalyst tem- 
perature is not lower than T 2 at the step 213 of Fig. 2, 
and there is no need to conduct the temperature-raising 
operation), operations of a step 305 and of subsequent 
steps are executed. 

[0071] In this embodiment, the group of cylinders #1 
and #4 are operated at an air-fuel ratio (e.g., about 16.5) 
which is considerably lean compared to the stoichiomet- 
ric air-fuel ratio, the group of cylinders #2 and #3 are 
operated at an air-fuel ratio (e.g., about 12) which is 
considerably rich compared to the stoichiometric air-fuel 
ratio, and the exhaust gas of a lean air-fuel ratio from 
the exhaust passage 21a and the exhaust gas of a rich 
air-fuel ratio from the exhaust gas passage 2b meet 
together in the common exhaust passage 2 to raise the 
temperature of the NOx occluding and reducing catalyst 
7. The ECU 30 calculates the amounts of fuel injection 
for bringing the combustion air-fuel ratios in the cylin- 
ders to the above-mentioned values by using relation- 
ships that have been found through experiments based 
on the operating conditions of the engine (degree of 
accelerator opening, engine rotational speed, amount of 
the air taken in. intake air pressure, air-fuel ratio, i 
amount of fuel fed, etc.), and injects the fuel of such 
amounts into the cylinders. By operating the cylinders 
#2 and #3 at a considerably rich air-fuel ratio, exhaust 



gases from the cylinders #2 and #3 contain HC and CO 
in large amounts. Since the cylinders #1 and #4 are 
operated at a considerably lean air-fuel ratio, exhaust 
gases from the cylinders #1 and #4 contain oxygen in 
5 large amounts. Therefore, the exhaust gases after 
being mixed at the exhaust passage 2 as a whole have 
a rich air-fuel ratio close to the stoichiometric air-fuel 

ratio^about^4.25)^but-corttain-large-amounts-of-HGr 

CO and oxygen compared to those of when all cylinders 
10 are operated at an air-fuel ratio of the gases after meet- 
ing together at the exhaust passage 2. Hence, HC and 
CO are actively oxidized on the NOx occluding and 
reducing catalyst and the temperature of the NOx 
occluding and reducing catalyst is raised due to the heat 
is of reaction. 

[0072] In adjusting the air-fuel ratios for the cylinders, 
the degree of throttle valve opening of the engine 1 and 
the ignition timings for the cylinders may be adjusted 
together with the amount of fuel injection in order to pre- 
20 vent fluctuation in the output of the engine caused by 
changes in the air-fuel ratios. 

[0073] When the catalyst temperature reaches T 2 (XH 
= 1) at the step 301, on the other hand, the routine pro- 
ceeds to a step 305 where the value of the recovery 
25 operation execution flag XR is judged. When XR = 0. 
the routine ends without executing the operations of 
step 307 and of subsequent steps. That is, the recovery 
operation is not executed. When XR = 1 at the step 305, 
the routine proceeds to the step 307 where the recovery 
30 operation is executed. 

[0074] When the recovery operation is being executed 
in this embodiment, all cylinders of the engine 1 are 
operated at an air-fuel ratio which is slightly rich com- 
pared to the stoichiometric air-fuel ratio (e.g., about 
35 14.25). Therefore, the NOx occluding and reducing cat- 
alyst 7 is maintained at a high temperature and in an 
atmosphere of a rich air-fuel ratio, permitting the 
absorbed SOx to be released from the NOx occluding 
and reducing catalyst At a step 309. the operation is 
40 carried out for subtracting the SOx counter. While the 
recovery operation is being executed, SOx are released 
from the NOx occluding and reducing catalyst, and the 
amount of SOx held by the catalyst 7 decreases. At step 
309, therefore, the value of the SOx counter CSOX is 
45 decreased by a predetermined value ACSOX for every 
execution of the step 309 after the contamination-recov- 
ery operation has been started. The value ACSOX rep- 
resents the amount of SOx released from the NOx 
occluding and redudng catalyst by the contamination- 
'*o recovery operation per a unit time (an interval executing 
the operation in Fig. 3). Even during the execution of the 
recovery operation, therefore, a value of the SOx coun- 
ter CSOX correctly represents the amount of SOx held 
by the NOx ocduding and reducing catalyst 7. 
5 [0075] At a step 311. conditions for ending the recov- 
ery operation are judged. In this embodiment, it is 
judged that the recovery operation has ended when the 
amount CSOX of SOx held by the NOx occluding and 
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reducing catalyst 7 has decreased to a value smaller 
than a predetermined value CSOX 1 during the recovery 
operation. Here, the predetermined value CSOX 1 is 
smaller than CSOXq (step 205 in Fig. 2). In this embod- 
iment, the predetermined value CSOX 1 is, for example, 5 
settobeCSOX 1 « 0. That is, when CSOX > CSOX 1 at 
the step 311, the routine ends without executing the 
operations of the step 313 and of the subsequent steps, 
and the recovery operation continues. When the 
amount of SOx held by the catalyst 7 becomes smaller 10 
than CSOX t at the step 311. values of the recovery 
operation execution flag XR, temperature-raising opera- 
tion execution flag XH and contamination-recovery 
operation execution flag XS are set to 0 at the steps 313 
to 317, respectively. From the next time, therefore, the 15 
operation of Fig. 2 ends immediately after the opera- 
tions of the steps 201 to 205 are executed. Since the 
values of the flags XH and XR are set to 0, the temper- 
ature-raising operation (step 303) and the recovery 
operation (step 309) of Fig. 3 are not executed, and the 20 
engine 1 is operated at a normal lean air-fuel ratio 
[0076] In this embodiment when the catalyst temper- 
ature becomes lower than T 2 irrespective of the holding 
amount of SOx (steps 213. 217 in Fig. 2), the tempera- 
ture-raising operation (step 303 in Fig. 3) is executed to 25 
raise the catalyst temperature thereby to carry out the 
recovery operation (step 307 in Fig. 3). When the cata- 
lyst temperature has dropped during the recovery oper- 
ation, however, the flags XH. XR and XS may be readily 
set to 0 instead of raising the temperature to discontinue so 
the contamination-recovery operation. In this case, 
when the amount of SOx remaining on the NOx occlud- 
ing and reducing catalyst is larger than the judging 
value CSOXq at the time when the contamination-recov- 
ery operation is discontinued, operations of the step 207 35 
and of subsequent steps of Fig. 2 are executed again to 
resume the contamination-recovery operation. When 
the remaining amount of SOx is smaller than CSOXq, 
however, the contamination-recovery operation is not 
executed until the amount of SOx held by the catalyst 7 40 
reaches CSOXq. Thus, when the amount of SOx held by 
the catalyst 7 is relatively snail, the contaminant is not 
removed by raising the catalyst temperature again, and 
the fuel is not wastefuDy consumed and the exhaust gas 
is not deteriorated. 45 
[0077] Another embodiment of the present invention 
wiO now be described with reference to Figs. 6 to 9. In 
the above-mentioned embodiment the conditions for 
executing the contamination-recovery operation were 
set based on the catalyst temperature TCAT. The cata- so 
lyst temperature, however, has an intimate relationship 
with the operating condition of the engine 1. That is, the 
catalyst temperature becomes high in a state where the 
load on the engine is large and the exhaust gas temper- 
ature is high. The catalyst temperature becomes low in 55 
a state where the load on the engine is small and the 
exhaust gas temperature is low. According to this 
embodiment, therefore, the conditions for executing the 



contamination-recovery operation are judged based on 
the engine load conditions (intake air pressure, engine 
rotational speed) instead of judging the conditions for 
executing the contamination-recovery operation based 
on the catalyst temperature TCAT, and the engine load 
conditions for executing the operation for raising the cat- 
alyst temperature are changed depending upon the 
amount of SOx CSOX held by the NOx occluding and 
reducing catalyst 7. 

[0078] Figs. 8 and 9 illustrate examples for setting the 
conditions for judging the execution of the contamina- 
tion-recovery operation according to this embodiment. 
In Figs. 8 and 9, the ordinate represents the load LD on 
the engine (corresponds to the amount of fuel injection 
determined from the degree of accelerator opening and 
the engine rotational speed), the abscissa represents 
the engine rotational speed NE, and the regions I to IV 
correspond to the regions I to IV of Fig. 4. Fig. 8 illus- 
trates the execution judging conditions of when the 
amount of SOx CSOX held by the NOx occluding and 
reducing catalyst 7 is relatively small, and Fig. 9 illus- 
trates the execution judging conditions of when CSOX is 
relatively large. In this embodiment, too, the region III 
(operation region where the recovery operation only is 
executed) and the region IV (where the contaminant is 
not removed to prevent the catalyst from overheating) 
remain constant irrespective of the value CSOX. How- 
ever, the region II (where the catalyst temperature-rais- 
ing operation is executed to remove contaminant) 
expands toward the low-load region with an increase in 
the holding amount of SOx CSOX. In this embodiment, 
too, therefore, the frequency for executing the contami- 
nation-recovery operation increases with an increase in 
the amount of SOx held by the NOx occluding and 
reducing catalyst 7, preventing the absorbing capacity 
of the NOx occluding and reducing catalyst from being 
decreased by an increase in the holding amount of SOx. 
[0073] Figs. 6 and 7 are flowcharts explaining the 
operation for judging the contamination-recovery condi- 
tions of the NOx occluding and reducing catalyst 7 and 
the temperature-raising/recovery operations according 
to the embodiment These operations are conducted as 
routines executed by the ECU 30 at predetermined 
intervals. 

[0080] In Figs. 6 and 7. there are executed the opera- 
tions similar to those of Figs. 2 and 3 of the above-men- 
tioned embodiment 

[0081] In Fig. 6, the engine load LD (amount of fuel 
injection), the engine rotational speed NE, and the 
amount CSOX of SOx held by the NOx occluding and 
reducing catalyst 7 are read at a step 601 , a value of the 
contamination-recovery operation execution flag XS is 
judged at a step 603, and a value of the holding amount 
of SOx CSOX is judged at a step 605. At a step 607. the 
contamination-recovery operation execution conditions 
(Figs. 8 and 9) are set depending upon the value of the 
holding amount CSOX of SOx. At steps 609, 611 and 
613, furthermore, it is judged in which one of the regions 
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I to IV, in Figs. 8 and 9, the present engine operating 
condition (catalyst temperature) lies. Depencfing on the 
operation regions, it is judged whether the contamina- 
tion-recovery operation be executed or not (steps 609, 
61 1) and the temperature-raising operation be executed 
or not (step 613). In this ernbocfiment, when the contam- 
ination-recovery operation is once executed at the step 
-605 r the-operatioris oMhe step 607-and-of^the-subse- 
quent steps are not executed, and the contamination- 
recovery operation is continued irrespective of a change 
in the operating conditions. 

[0082] In the operation of Fig. 7, a step 704 is added 
to the operation of Fig. 3. After the temperature-raising 
operation (step 703) is executed, it is judged at step 704 
whether the increase in the catalyst temperature is com- 
pleted. The operation in Fig. 7 is different from the oper- 
ation in that, when it is judged that the temperature 
increase is completed, the routine proceeds to a step 
705. At the step 704, it is judged that the temperature 
increase of the catalyst 7 is completed when a predeter- 
mined period of time has passed after the start of the 
temperature-raising operation. Other steps of Figs. 6 
and 7 are the same as the operations of Figs. 2 and 3, 
and are not descrfoed here in detail. 
[0083] Next, described below is a further embodiment 
of the present invention. In the above-mentioned 
embodiment, the conditions for judging the execution of 
the contamination-recovery operation were set depend- 
ing upon the amount CSOX of SOx held by the catalyst 
The embodiment described below, however, is different 
with respect to that the conditions for judging the execu- 
tion of the contamnaton-recovery operation are set 
depending upon tne history ol the past operating condi- 
tions of the engine 

[0084] Figs. 10 and ii illustrate examples for setting 
the conditions for judging the execution of the contami- 
nation-recovery operation according to this embodi- 
ment Figs. 10 and 1 1 illustrate the cases where the 
conditions for judging the execution of the contamina- 
tion-recovery operation are set depending on the 
engine load conditions in the same manner as in Figs. 8 
and 9. In Frgs. 10 and 1 1 . the regions I to IV correspond 
to the regions I to IV of Fig. 4. Fig. 1 0 illustrates the judg- 
ing conditions when the engine is operated frequently 
placing the catalyst in the high-temperature conditions 
from the past history of operation, and Fig. 1 1 illustrates 
the judging conditions when the engine is operated fre- 
quently plating the catalyst in the low-temperature con- 
ditions from the past history of operation. When the 
engine is operated frequently placing the catalyst in the 
high-temperature conditions, the frequency for execut- 
ing the corrtarrunation-recovery operation does not 
decrease despite the region II (where the catalyst tem- 
perature-raising operation is executed) being set to be 
relatively narrow (despite the lower-limit catalyst tem- 
perature for executing the temperature-raising operation 
is set to be relatively high). When the region II is set to 
be narrow in the case where the engine is operated fre- 



quently placing the catalyst in the low-temperature con- 
ditions, on the other hand, the frequency for executing 
the contamination-recovery operation decreases, and 
the absorbing capacity of the NOx occluding and reduc- 

5 ing catalyst 7 is likely to decrease. In this embodiment, 
therefore, when the engine is operated frequently plac- 
ing the catalyst in the low-temperature conditions from 

the-past-history-^f-operation^Fig^l^i,- the-region-ll 

(where the temperature-raising operation is executed) is 

w expanded toward the small-load side compared with 
when the engine is operated frequently placing the cat- 
alyst in the high-temperature conditions (Fig. 10). 
Therefore, even when the engine is operated frequently 
placing the catalyst in the low-temperature conditions, 

15 the frequency for executing the contamination-recovery 
operation increases, making it possible to prevent a 
decrease in the absorbing capacity of the NOx occlud- 
ing and reducing catalyst irrespective of the operating 
conditions of the engine. 

so [0085] Next described below is how to judge the past 
history of operation. This embodiment calculates an 
integrated value th of the time in which the engine is 
operated in the state of, for example, region II of Fig. 1 0, 
and calculates a ratio r = th/ta of the integrated value th 

25 to the total operation time ta of the engine. When the 
ratio r exceeds a predetermined value r 0 . (0 s r 0 ^ 
1)(i.e., when it is considered that the frequency for exe- 
cuting the contamination-recovery operation does not 
decrease despite the judging value of Fig. 10 is used), 

30 the judging value of Fig. 10 is used. When the ratio r is 
not larger than r 0 (i.e., when it is considered that use of 
the judging value of Fig. 10 causes the frequency for 
executing the contamination-recovery operation to 
decrease), the judging value of Fig. 1 1 is used instead 

35 of the judging value of Fig. 10. Thus, the condition for 
executing the contamination-recovery operation 
expands to prevent a decrease in the frequency for exe- 
cuting the contamination-recovery operation. Fig. 12 is 
a flowchart explaining the operation for judging the con- 

40 tamination-recovery conditions according to this 
embodiment The operation is conducted as a routine 
executed by the ECU 30 at predetermined intervals. 
[0086] A flowchart of Fig. 12 is the same as the flow- 
chart of Fig. 6 except that a parameter r representing 

45 the history of the engine operation is read in addition to 
the engine load LD, NE and CSOX at a step 1201, and 
either the judging condition of Fig. 10 or Fig. 11 is 
selected at a step 1207 depencfing upon the value r 
(depending on whether r s r 0 ). Therefore, this flowchart 

so is not described here in detail. In this embodiment too, 
the temperature raising/recovery operations of Fig. 7 
are executed as in the above-mentioned embodiment. 
[0087] Described below is a further embodiment of the 
present invention. In this embodiment, the conditions for 

55 executing the contamination-recovery operation are set 
depending upon the properties of the fuel of the engine 
and, particularly, on the sulfur content of the fuel. When 
a fuel containing a sulfur component in large amounts is 
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used for the engine, the amount of SOx increases cor* 
respondingly in the exhaust gas, and the amount of SOx 
held by the NOx occluding and reducing catalyst 
increases at an increased rate. When the fuel contain- 
ing large amounts of a sulfur component is used, there- 5 
fore, the contamination-recovery operation must be 
executed at an increased frequency compared with 
when the fuel containing sulfur component in small 
amounts is used. According to this embocfiment, there- 
fore, the content of sulfur in the fuel is estimated, and w 
the condition for executing the contamination-recovery 
operation is expanded when the fuel containing sulfur 
component in large amounts is used, in order to prevent 
a decrease in the absorbing capacity of the NOx occlud- 
ing and reducing catalyst irrespective of the properties is 
of the fuel. 

[0088] Next, descrfoed below is a method of estimat- 
ing the amount of SOx held by the NOx occluding and 
reducing catalyst 7 according to this embodiment In 
thus embodiment, the holding amount of SOx is esti- 20 
mated without using the SOx counter of the above-men- 
tioned embodiment When the holding amount of SOx is 
estimated by using the SOx counter as described 
above, the amount of SOx generated by the engine per 
a unit time which is used for the calculation by the SOx 25 
counter is that of when a standard fuel is used. When 
the sulfur content of the fuel deviates from that of the 
standard fuel, therefore, a difference often develops 
between the amount of SOx realty held by the NOx 
occluding and reducing catalyst and the value of the 30 
SOx counter. According to this embodiment therefore, 
the amount of SOx held by the NOx ocducfing and 
reducing catalyst 7 is calculated from a change in the 
output of the air-fuel ratio sensor 31 during the opera- 
tion (regenerating operation) for releasing and reducing 35 
NOx from the NOx occluding and reducing catalyst 7. 
[0089] During the regenerating operation of the NOx 
occluding and reducing catalyst the exhaust gas having 
a rich air-fuel ratio flows into the NOx occluding and 
reducing catalyst During the regenerating operation, 40 
however, NOx absorbed by the NOx occluding and 
reducing catalyst 7 are released therefrom and react 
with HC and CO in the exhaust gas. Therefore, if NOx 
are released from the NOx occluding and reducing cat- 
alyst during the regenerating operation, the exhaust gas 45 
at the outlet of the NOx occluding and reducing catalyst 
becomes the stoichiometric air-fuel ratio When the NOx 
is no longer released from the NOx occluding and 
reducing catalyst, the exhaust gas at the outlet of the 
NOx occluding and reducing catalyst becomes a rich so 
air-fuel ratio like the air-fuel ratio at the inlet thereof. 
Therefore, the time in which the air-fuel ratio at the out- 
let port of the catalyst is maintained at the stoichiometric 
air-fuel ratio (stoichiometric air-fuel ratio-holding time) is 
lengthened with an increase in the amount of NOx 55 
absorbed by the NOx occluding and reducing catalyst 
In this embodiment, the operation for regenerating the 
NOx occluding and reducing catalyst is executed every 



time when the value of the NOx counter reaches a pre- 
determined value. If other conditions remain the same, 
therefore, the stoichiometric air-fuel ratio-holding time 
will become constant during the regenerating operation. 
When SOx are absorbed by the NOx occluding and 
reducing catalyst however, a maximum NOx-absoibing 
capacity of the NOx occluding and reducing catalyst 
decreases. As the amount of SOx held by the NOx 
occluding and reducing catalyst increases, therefore, 
the capacity for absorbing NOx of the NOx occluding 
and reducing catalyst decreases, and the stoichiometric 
air-fuel ratio-holding time is shortened correspondingly 
during the regenerating operation. That is, the stoichio- 
metric air-fuel ratio-holding time during the regenerating 
operation can be used as a parameter to represent the 
amount of SOx held by the NOx ocducfing and reducing 
catalyst 

[0090] In this embodiment, therefore, the time ST is 
measured in which the output of the air-fuel ratio sensor 
31 disposed in the discharge passage at the outlet of 
the NOx occluding and reducing catalyst 7 is main- 
tained at a value corresponding to the stoichiometric air- 
fuel ratio, it is so judged that the amount of SOx held by 
the NOx occluding and reducing catalyst 7 has 
exceeded a permissible value (i e., SOx contamination 
has occurred) when the time ST becomes shorter than 
a predetermined value STq. and the contamination- 
recovery operation is executed for the NOx occluding 
and reducing catalyst 7. 

[0091] Upon executing the contamination-recovery 
operation, furthermore, the amount of SOx held by the 
NOx occluding and reducing catalyst 7 decreases and 
the stoichiometric air-fuel ratio-holding time ST 
increases. As the engine continues to operate, however, 
the amount of SOx held by the NOx occluding and 
reducing catalyst increases again depending upon the 
amount of SOx generated by the engine, and the stoi- 
chiometric air-fuel ratio holding time ST becomes 
shorter than ST 0 again after some period of time 
passes. That is, an interval RT1 from the execution of the 
contamination-recovery operation in the previous time 
until when the contaminants build up again, varies in 
inverse proportion to the amount of SOx generated by 
the engine. On the other hand, the amount of SOx gen- 
erated by the engine during the period RTI varies in pro- 
portion to the sum of sulfur components in the fuel fed 
to the engine. Therefore, the product of the total amount 
FJ of the fuel fed to the engine during he period RTI 
(integrated value of the amount of fuel injection during 
the period RTI) and the sulfur concentration SW of the 
fuel, varies in proportion to (1/RTI). In other words, 
FJ x SW e K x (1/RTI) (where K is a proportional con- 
stant) holds. Therefore, the sulfur concentration SW in 
the fuel is expressed by SW = K/(FJ x RTI) . and varies 
in inverse proportion to FJ x RTI. When a value RTJ is 
defined as RTJ = 1/(FJ x RTI) . therefore, the value RTJ 
varies in proportion to the sulfur concentration in the 
fuel. 
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[0092] According to this embodiment, the period RTI 
from when the contamination-recovery operation is last 
executed to when the contaminant is detected again 
and the integrated value FJ of the amount of fuel injec- 
tion during the period RTI is measured, and a value 
RTJ (=1/(FJ x RTI) calculated by using the above val- 
ues is used as a parameter to represent the sulfur con- 
centrationin the JueL 



[0093] Next described below with reference to Figs. 
13 and 14 are the operation for judging the contamina- 
tion-recovery conditions and the temperature-rais- 
ing/recovery operations for the catalyst according to the 
embodiment Figs. 1 3 and 1 4 illustrate a case where the 
conditions for executing the contamination-recovery 
operation is set depending upon the catalyst tempera- 
ture as in the embocfiment of Figs. 2 to 5. 
[0094] The operations of Figs. 13 and 14 are con- 
ducted as routines executed by the ECU 30 at predeter- 
mined intervals. 

[0095] When the operation starts in Fig. 1 3, a catalyst 
temperature TCAT, an exhaust gas stoichiometric air- 
fuel ratio-holding time ST at the outlet port of the cata- 
lyst during the regenerating operation of the NOx 
occluding and reducing catalyst and a parameter RTJ 
representing the sulfur concentration of the fuel, are 
read at a step 1301. Here, the catalyst temperature 
TCAT may be directly detected by the catalyst tempera- 
ture sensor as in the embodiment of Figs. 2 to 6. or cal- 
culated by a routine (not shown) separately executed by 
the ECU 30 as a calculated value based on the exhaust 
gas temperature and the exhaust gas flow rate. In this 
embodiment, furthermore, the ECU 30 measures the 
time in which the stoichiometric air-fuel ratio is main- 
tained at a moment when the output of the air-fuel ratio 
sensor 31 at the outlet port of the catalyst changes in a 
manner of "lean -> stoichiometric air-fuel ratio rich" 
for every regenerating operation for the NOx occluding 
and reducing catalyst and stores it as ST. By separately 
executing a routine (not shown), furthermore, the ECU 
30 calculates the period RTI from when the SOx con- 
tamination-recovery operation was executed in the pre- 
vious time until when the stoichiometric air-fuel ratio- 
holding time ST next decreases down to a predeter- 
mined value ST 0 , and an integrated value FJ of the 
amount of fuel injection during the period RTI, in order 
to calculate a value RTJ (= 1/(FJ x RTI)) . 
[0096] At a step 1303, a value of the contamination- 
recovery operation execution flag XS is judged as at the 
step 203 in Fig. 2 and, if XS = 1, the operation ends. 
When XS * 1, the routine proceeds to a step 1305. 
[0097] At a step 1 305, it is judged whether the stoichi- 
ometric air-fuel ratio-holding time ST during the regen- 
erating operation of the previous time read at the step 
1 301 is shorter than ST 0 or not. 
[0098] When ST a ST 0 at the step 1305. since the 
absorbing capacity of the NOx occluding and reducing 
catalyst does not decrease, the SOx contamination has 
not occurred. Therefore, the routine ends. When ST < 



ST 0 , on the other hand, it is considered that the SOx 
contamination has occurred and the absorbing capacity 
of the NOx occluding and reducing catalyst has 
decreased. Therefore, the operations of a step 1307 

5 and of subsequent steps are executed. That is, at the 
step 1307, the catalyst temperature-judging values T lt 
T 2 , T 3 are set depending upon the value of the sulfur 

concentration^arametejiOTJJheJem 



values T t to T 3 have the same meanings as those of 

io Fig. 4. Fig. 1 5 shows relationships between the temper- 
ature-judging values T 1t T 2 , T 3 and RTJ according to 
this embodiment In this embodiment too, T 2 and T 3 are 
set to be constant (T 2 ^ 600°C, T 3 ^ 700°C) irrespective 
of the sulfur concentration in the fuel. The temperature 

rs T, is set to be constant (T, ■ 550°C) over a range of 
RTJ < RTJ 0 but decreases with an increase in RTJ (with 
an increase in the sulfur concentration in the fuel) over 
a range of RTJ s RTJ 0 . Here, RTJ 0 is a value when a 
standard fuel is used, and is found through experiment. 

20 As the sulfur concentration in the fuel increases, there- 
fore, the contamination-recovery operation is executed 
even at low catalyst temperatures, making it possible to 
reliably prevent a decrease in the absorbing capacity of 
the NOx occluding and reducing catalyst irrespective of 

25 the properties of the fuel. 

[0099] After the temperature-judging values T t , T 2 , T 3 
are set as described above, an initial value of a counter 
CS is set depending upon the value ST at a step 1308. 
The counter CS is the same as the one that indicates 

30 the amount of SOx CSOX held by the NOx occluding 
and reducing catalyst At the step 1308, the larger the 
amount of SOx held by the NOx occluding and reducing 
catalyst (the smaller the value ST), the larger the initial 
value of CS. The counter CS is used for judging the ter- 

35 mination of the recovery operation of Fig. 14 (steps 
1409,1411). 

[01 00] The steps 1 309 to 1 31 9 of Fig. 1 3 are the same 
as the steps 209 to 219 of the flowchart of Fig. 2. and 
are not descrfoed here. 

40 [01 01] Fig. 14 is a flowchart the same as that of Fig. 
3, and explains the temperature-raising operation and 
the recovery operation for the catalyst according to the 
embodiment The operations of Fig. 14 are the same as 
the operations of Fig. 2 with the exception of using, at 

45 the steps 1409 and 141 1, the counter CS set at the step 
1308 instead of using the NOx counter CSOX of Fig. 2, 
for judging the termination of the recovery operation 
(steps 209, 211). Therefore, the operations of Fig. 14 
are not descrbed here in detail (in Fig. 14, values ACS 

so and CS 1 correspond to ACSOX and CSOX 1 of Fig. 3). 
[0102] Next, a further embodiment of the present 
invention will be described with reference to Figs. 16 to 
19. 

[0103] In this embodiment, whether the contamina- 
55 tion-recovery operation be executed or not is judged 
based on the engine load conditions (amount of fuel 
injection, engine rotational speed) as in the embodiment 
of Figs. 6 to 9. In the embodiment of Figs. 6 to 9, the 
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engine load conditions for executing the contamination- 
recovery operation were set depending upon the 
amount of SOx held by the NOx occluding an reducing 
catalyst In this embodiment, however, the engine load 
conditions for executing the contamination-recovery 
operation are set depending upon the cooling water 
temperature of the engine. 

[0104] When the cooOng water temperature is low at 
the start of the engine, the fuel vaporizes little; i.e., the 
fuel injected into the cylinder may adhere in a liquid form 
onto the piston and the like. Therefore, the mixture in 
the cylinder becomes lean compared to when the 
injected fuel is all vaporized. On the other hand, the liq- 
uid fuel adhered onto the piston vaporizes when the 
mixture in the cylinder bums and forms unburned hydro- 
carbons in the exhaust gas. Despite the fuel being 
injected in the same amount, therefore, the combustion 
air-fuel ratio in the cylinder becomes lean and hydrocar- 
bons increase in the exhaust gas when the cooling 
water temperature is low compared with when the cool- 
ing water temperature is high. As the amount of 
unburned components increases in the exhaust gas as 
described above, the temperature of the NOx occluding 
and reducing catalyst rises due to the combustion of 
hydrocarbons on the NOx occluding and reducing cata- 
lyst When the cooling water temperature of the engine 
is low, therefore, the catalyst is placed in a state in which 
H can be easily heated compared to when its tempera- 
ture is high. If consideration is given to the case where 
the fuel is injected in an increased amount for heating 
the catalyst furthermore, the combustion air-fuel ratio 
becomes lean when the cooling water temperature is 
low compared to when tne cooling water temperature is 
high despite the fuel is injected in the same amount 
Therefore, the combustion air-fuel ratio does not 
become very rich despite the fuel being injected in an 
amount that is increased to some extent, and most of 
the fuel injected in an increased amount is supplied as 
unburned hydrocarbons to the NOx occluding an reduc- 
ing catalyst. In a state where the cooling water temper- 
ature is low, therefore, the temperature of the NOx 
occluding and reducing catalyst can be raised within a 
relatively short period of time without deteriorating the 
exhaust gas emission and the fuel efficiency. 
[0105] In this embodiment, therefore, when the cool- 
ing water temperature is low, the engine load condition 
for executing the contamination-recovery operation is 
expanded, so that the contamination-recovery operation 
can be easily executed. . In the operating condition 
where the cooling water temperature is low such as at 
the start of the engine, therefore, the chances for exe- 
cuting the SOx contamination-recovery operation 
increase, and the state where SOx are held in an 
increased amount by the NOx occluding an reducing 
catalyst is prevented from lasting long after the start of 
the engine. 

[0106] Figs. 18 and 19 illustrate the conditions for 
judging the execution of the contarronation-recovery 



operation according to the embodiment In Figs. 18 and 
' 1 9, the ordinate represents the engine load ID (amount 
of fuel injection) and the abscissa represents the engine 
rotational speed NE like in Figs. 8 and 9. The regions I 
to IV correspond to the regions I to IV in Rg. 4. 
[01 07] Fig. 1 8 illustrates the execution judging condi- 
tions of when the cooling water temperature THW of the 
engine is higher than a predetermined value THW 0 . and 
Rg. 19 illustrates the execution judging conditions of 
when THW is not higher than THW 0 . Here, THW 0 is set 
to a cooling water temperature at which it can be judged 
that the engine has been warmed up. As will be under- 
stood from Rgs. 1 8 and 1 9, when the cooling water tem- 
perature THW is not higher than THW 0 (Rg. 19), the 
region II (where the temperature-raising operation is 
executed) is expanded toward the low-load side com- 
pared with when the cooling water temperature THW is 
higher than THW 0 (Rg. 18), and the contamination- 
recovery operation is executed at an increased fre- 
quency. 

[0108] Figs. 16 and 17 are flowcharts explaining the 
operation for judging the contamination-recovery condi- 
tions for the NOx occluding and reducing catalyst 7 and 
the temperature-raising/recovery operations according 
to the embodiment The operation is conducted as a 
routine executed by the ECU 30 at predetermined inter- 
vals. 

[01 09] The operation of Rg. 1 6 is the same as that of 
the flowchart of Rg. 6 except that the engine load LD 
(amount of fuel injection), rotational speed, holding 
amount of SOx CSOX as well as the engine cooling 
water temperature THW from the cooling water temper- 
ature sensor 39, are read at a step 1601, and the con- 
tamination-recovery operation execution condition of 
either Rg. 18 or 19 is set at a step 1607 depending upon 
the cooling water temperature THW (whether THW is 
higher than the predetermined temperature THW 0 or 
not). The steps of Rg. 17 are the same as the steps of 
the flowchart of Fig. 7, and are not descrtoed here in 
detail. 

[01 1 0] Next described below is a further embodiment 
according to the present invention. In this embodiment, 
too, the structure of the device is the same as the one 
described with reference to Rg. 1. 
[01 1 1 ] Rg. 20 is a flowchart explaining the operation 
for judging the SOx contamination-recovery conditions 
according to this embodiment The operation is con- 
ducted as a routine executed by the ECU 30 at prede- 
termined intervals. In Rg. 20, it is judged at a step 2001 
whether a flag F1 that will be described later in detail is 
1 or not. Under normal condition, this judgement is neg- 
ative and the routine proceeds to a step 2002 where it is 
judged whether a flag F2 that will be described later in 
detafl is 1 or not Under normal condition, this judge- 
ment is negative and the routine proceeds to a step 
2003 where it is judged whether a flag F3 that will be 
described later in detail is 1 or not. Under normal condi- 
tion, this judgement is negative and the routine pro- 
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ceeds to a step 2004 to execute the lean operation. 
[01 1 2] Thus, the lean operation is executed under the 
normal condition, and NOx are contained in relatively 
large amounts in the exhaust gas. However, the exhaust 
gas are acquiring a lean state and have a large oxygen 
concentration. As descrfeed above, therefore, the NOx 
occluding and reducing catalyst 7 absorbs NOx in the 

exhausfgas — 

[0113] The flag F1 is set when the engine in the 
present operating condition must produce a large output 
to cope with acceleration or a large load exerted on the 
engine. When the judgement at the step 2001 is affirm- 
ative, therefore, the routine proceeds to a step 2005 to 
execute a stoichiometric air-fuel ratio operation. 
[0114] Due to the lean air-fuel ratio operation, the 
amount of NOx absorbed by the NOx occluding and 
reducing catalyst 7 gradually increases. As described 
above, since the amount of NOx that can be held by the 
NOx occluding and reducing catalyst 7 is finite, NOx 
must be released from the NOx occluding and reducing 
catalyst 7 and must be purified by reduction before the 
amount of NOx occluded exceeds the maximum NOx 
holding capacity. In this case, the flag F2 is set and the 
routine proceeds to a step 2006 where a rich-spike 
operation is executed. 

[0115] Fig. 21 is a flowchart explaining the operation 
for setting the flag F2. This operation is conducted as a 
routine executed by the ECU 30 after every predeter- 
mined period of time. At a step 2101, first, it is judged 
whether a flag F4 which will be described later in detail 
is 1 or not At first this judgement is negative, and the 
routine proceeds to a step 2102 where a target NOx 
occluding amount st is set to s1 . This amount may be, 
for example. 70% of the NOx occluding capacity of the 
NOx occluding and reducing catalyst 7. Then, the 
amount of NOx absorbed by the NOx occluding and 
reducing catalyst 7 per a unit time is integrated during 
the lean air-fuel ratio operation, and the amount of NOx 
s held by the catalyst is calculated. The NOx holding 
amount is integrated relying on the amount of NOx gen- 
erated by the internal combustion engine per a unit time 
based on the engine operating conditions as described 
above. 

[0116] Then, at a step 2105. it is judged whether the 
NOx holding amount s has reached the target value st 
or not When this judgement is negative, the routine pro- 
ceeds to a step 21 06 where the flag F2 ends remaining 
at 0. When the judgement at the step 2105 is affirma- 
tive, the routine proceeds to a step 2107 where the flag 
F2 is set to 1 . At a step 21 08, the NOx occluding amount 
s is set to 0, and the routine ends. 
[01 1 7] Fig. 22 is a flowchart illustrating the rich-spike 
operation of the step 2006 of Fig. 20. In Fig. 22. first the 
rich-spike is executed at a step 2201. The rich-spike 
operation is executed by the same method as the one 
described above, and is not described here in detail. 
Upon executing the rich-spike operation, NOx is 
released from the NOx occluding and reducing catalyst 



7, and is purified by reduction with HC and CO con- 
tained in the exhaust gas. 

[01 18] Next, a timer is actuated at a step 2202, and it 
is judged at a step 2203 whether an average output 

5 value A1 of the air-fuel ratio sensors 29a and 29b on the 
upstream side is nearly in agreement with the output A2 
of the air-fuel ratio sensor 31 on the downstream side or 

notrWhen^is-judgement-is^egativerihe-rich-spike- 

operation is continued at the step 2201. As described 

10 above, when the NOx are being reduced by the rich- 
spike, the exhaust gas f towing out of the NOx occluding 
and reducing catalyst assume a stoichiometric air-fuel 
ratio which is different from the rich air-fuel ratio of the 
exhaust gas flowing into the NOx occluding and reduc- 

rs ing catalyst 7. Therefore, the average output A1 of the 
air-fuel sensors 29a and 29b on the upstream side is dif- 
ferent from the output A2 of the air-fuel ratio sensor 31 
on the downstream side. 

[0119] On the other hand, when NOx is all released 

20 from the NOx occluding and reducing catalyst 7 and is 
all reduced, the air-fuel ratio of the exhaust gas flowing 
out of the NOx occluding and reducing catalyst 7 
becomes nearly equal to the air-fuel ratio of the exhaust 
gas flowing into the NOx occluding and reducing cata- 

25 lyst 7, whereby the average output A1 of the air-fuel 
ratio sensors 29a and 29b on the upstream side 
becomes nearly in agreement with the output A2 of the 
air-fuel sensor 31 on the downstream side, and the rou- 
tine proceeds to a step 2204 where the rich-spike is 

30 interrupted and the timer stops. In this embodiment, the 
air-fuel ratio sensors are provided on both the upstream 
side and the downstream side of the NOx occluding and 
reducing catalyst 7 as shown in Fig. 1. It is. however, 
also allowable to provide the air-fuel ratio sensor on the 

35 downstream side of only the NOx occluding and reduc- 
ing catalyst and to so judge that NOx is all released from 
the NOx occluding and reducing catalyst and is all 
reduced at a moment when the output of the air-fuel 
ratio sensor has changed from the stoichiometric air- 

40 fuel ratio to a rich air-fuel ratio. 

[0120] Next at the step 2205, it is judged whether the 
flag F4 that will be described later in detail is 1 or not At 
first this judgement is negative and the routine pro- 
ceeds to a step 2206 where it is judged whether the time 

45 T counted by the timer is shorter than a first predeter- 
mined period of time T1 or not The first predetermined 
period of time T1 is for releasing and reducing NOx in 
an amount of 70% of the NOx occluding capacity of the 
NOx occluding and reducing catalyst 7 at an air-fuel 

so ratio of the exhaust gas during rich-spike operation. At 
present, where the target NOx occluding amount is 70% 
of the NOx occluding capacity, therefore, if the NOx 
occluding and reducing catalyst 7 is occluding NOx in 
the target amount, the judgement at the step 2206 is 

55 negative, an the routine proceeds to a step 2207 where 
the flag F3 is set to 0. 

[01 21 ] When the judgement is affirmative at the step 
2206, on the other hand, it means that the NOx occlud- 
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ing and reducing catalyst 7 is occluding NOx only in an 
amount that is smaller than 70% of the NOx occluding 
capacity. This means that the SOx contamination has 
exceeded 30% of the NOx occluding capacity, since the 
above-mentioned integration operation is to relatively 
correctly calculate the amount of NOx that will be 
occluded by the NOx occluding and reducing catalyst 7. 
The SOx contamination mildly builds up compared with 
the frequency for executing the rich-spike. When the 
judgement at the step 2206 is affirmative, therefore, the 
SOx contamination is nearly 30% of the NOx occluding 
capacity. At this moment the routine proceeds to a step 
2208 where the flag F3 is set to 1. When the flag F3 is 
set. the judgement at the step 2003 becomes affirma- 
tive in the above-mentioned operation of Fig. 20, and 
the routine proceeds to a step 2007 to execute the SOx 
contamination-recovery operation. 
[0122] After having passed the step 2207 or 2208 in 
the operation of Fig. 22, the flag F2 is set to 0 at a step 
2212, and the flag F4 is set to 0 at a step 2213 to end 
the routine. Prior to descrfoing the steps 2209 and 2210 
of Fig. 22, described below is the operation for removing 
the SOx contamination with reference to Fig. 23. 
I0123J At a step 2301, first, it is judged whether the 
processing can be executed or not. To remove the con- 
tamination due to SOx as described above, the NOx 
occluding and reducing catalyst 7 must have been 
heated at a temperature not lower than, for example, 
600°C. Based on the present operating conditions of the 
engine, tfierefore, the judgement at step 2301 becomes 
affirmative when the temperature of the NOx occluding 
and reducing catalyst 7 fies within a predetermined tem- 
perature range which is not lower than 600°C. and the 
routine proceeds to a step 2302. The SOx contamina- 
tion builds up relatively slowly. During this period, there- 
fore, the amount of SOx occluded in the NOx occluding 
and reducing catalyst does not increase greatly. 
[0124] When the temperature of the NOx occluding 
and reducing catalyst 7 is low as in the above-men- 
tioned embodiment the cylinders #1 and #4, for exam- 
ple, are operated at a rich air-fuel ratio and the cylinders 
#2 and #3 are operated at a lean air-fuel ratio; i.e., the 
exhaust gas of a rich state and the exhaust gas of a lean 
state are arternatingfy emitted from the cylinders, and 
HC and CO are burned on the NOx occluding and 
reducing catalyst 7, so that the temperature of the NOx 
occluding and reducing catalyst 7 lies within a predeter- 
mined temperature range. 

[0125] At a step 2302, it is judged whether a flag F5 
that will be described later in detail is 1 or not This 
judgement is. first negated and the routine proceeds to 
a step 2304. At the step 2304, a target air-fuel ratio AFt 
of exhaust gas during the recovery operation is shifted 
toward the lean side by an amount dAF. The target air- 
fuel ratio AFt at first lies on the rich side beyond the sto- 
ichiometric air-fuel ratio by dAF. At a moment when the 
routine passes through the step 2304, first the target 
air-fuel ratio AFt is the stoichiometric air-fuel ratio. Then, 
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at a step 2305. the operation is so conducted that the 
exhaust gas acquires the target air-fuel ratio AFt. 
[0126] Next, at a step 2306. it is judged whether a pre- 
determined period of time has passed or not When this 
judgement is negative, the processing of step 2305 is 
continued. That is, the operation in which the exhaust 
gas acquires the target air-fuel ratio AR is continued for 
a predetermined period of time and at a step 2307, the 
flag F4 is set to 1 to end the routine. The operation in 
which the exhaust gas acquires the target air-fuel ratio 
AFt may be so conducted that the combustion air-fuel 
ratios in the cylinders acquire the target air-fuel ratio 
AFt or may be so conducted that the combustion air- 
fuel ratios in the two cylinders of consecutive ignition 
timings as a whole assume the target air-fuel ratio AR, 
or may be so conducted that the secondary fuel injec- 
tion is effected. i.e., the fuel is directly fed into the 
engine exhaust system or the fuel is injected into the 
cylinders in the exhaust stroke to increase the amount 
of unburned fuel in the exhaust gas, so that the exhaust 
gas acquires the target air-fuel ratio AFt 
[0127] Thus, the SOx contamination-recovery opera- 
tion ends and at this moment only, the flag F4 is set to 
the operation of Fig. 21 for setting the flag F2, therefore, 
the judgement at the step 2101 is affirmed, and the rou- 
tine proceeds to the step 2103. At this moment onty. the 
target NOx occluding amount st is set to s2. This 
amount s2 is equal to the NOx occluding capacity of the 
NOx occluding and reducing catalyst 7. At the step 
2105. therefore, the flag F2 is not set until it is so calcu- 
lated that NOx are occluded in an amount equal to 
1 00% of the NOx occluding capacity only one time after 
the SOx contamination-recovery operation. 
[0128] After the flag F2 is set the above-mentioned 
operation of Fig. 22 is executed. This time, however, the 
flag F4 is 1. the judgement at the step 2205 is affirma- 
tive, and the routine proceeds to the step 2209. At the 
step 2209. ft is judged whether the time T counted by 
the timer is shorter than a second predetermined period 
of time T2. The second predetermined period of time T2 
is for releasing and reducing NOx in an amount equal to 
1 00% of the NOx occluding capacity of the NOx occlud- 
ing and reducing catalyst 7 at an air-fuel ratio of the 
exhaust gas during rich-spike operation. If NOx in an 
amount equal to 100% of the NOx occluding capacity 
has been occluded in the NOx occluding and reducing 
catalyst i.e.. if the contamination due to SOx has been 
completely removed by the recovery operation, the 
judgement at the step 2209 is negative, and the routine 
proceeds to a step 2210 where the flag F5 is set to 0. 
[01 29] When the judgement at the step 2209 is affirm- 
ative, on the other hand, it means that NOx has not 
been occluded by the NOx occluding and reducing cat- 
alyst 7 in an amount equal to 100% of the NOx occlud- 
ing capacity, and the NOx occluding and reducing 
catalyst 7 has not completely recovered from the SOx 
contamination. In this case, the flag F5 is set to 1 at a 
step 221 1. In this embodiment as descrbed above, a 
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general deterioration detection method is used for eval- 
uating the degree of recovery after the recovery opera- 
tion. 

[0130] When the flag F5 is set, the judgement at the 
step 2302 is affirmed in the operation of Fig. 23 after the 
SOx contamination-recovery operation of the next time, 
and the target air-fuel ratio AFt of exhaust gas is shifted, 
"atstepr23037t<ward theTidrsidelDyTl AR-andtherecov^ 
ery operation is conducted for a predetermined period 
of time. 

[0131] At a moment when the SOx contamination of 
the NOx occluding and reducing catalyst 7 has reached 
30% of the NOx occluding capacity, the recovery opera- 
tion is conducted in which the exhaust gas acquires a 
stoichiometric air-fuel ratio or a rich air-fuel ratio for only 
a predetermined period of time as described above- 
When the NOx occluding and reducing catalyst is com- 
pletely recovered, however, the air-fuel ratio of the 
exhaust gas during the recovery operation is gradually 
shifted toward the lean side. When the recovery is not 
sufficient, the air-fuel ratio of the exhaust gas is gradu- 
ally shifted toward the rich side. The time T counted by 
the timer is inversely proportional to the non-recovering 
degree from the SOx contamination. The amount dAF 
for shifting the air-fuel ratio toward the rich side may be 
increased with a decrease in the counted time T. 
[0132] To recover the NOx occluding and reducing 
catalyst from the SOx contamination, stable sulfates 
must be decomposed. For this purpose, the NOx 
occluding and reducing catalyst is heated to a tempera- 
ture as high as 600°C or more, and the oxygen concen- 
tration in the exhaust gas is decreased. In removing the 
SOx contamination, SOx is easily released when the 
temperature of the NOx occluding and reducing catalyst 
is high or when the oxygen concentration is low in the 
exhaust gas. Furthermore, the larger the amount of 
reducing substances in the exhaust gas, the larger the 
amount of oxygen consumed by the reducing sub- 
stances on platinum Pt of the NOx occluding and reduc- 
ing catalyst, and SOx is released more easily. 
[0133] It is not allowed to elevate the temperature of 
the NOx occluding and reducing catalyst to an excess 
degree since the catalyst may be mechanically and 
functionally damaged. In this embodiment, the NOx 
occluding and reducing catalyst is heated to a predeter- 
mined temperature range (e.g., from 700°C to 800°C). 
When the air-fuel ratio of the exhaust gas is set to 
become excessively rich during the recovery operation, 
the oxygen concentration decreases since a large 
amount of reducing substances is included in the 
exhaust gas. Though this guarantees the recovery from 
the SOx contamination this causes a decrease in the 
fuel efficiency, and deterioration of the exhaust gas 
emission. 

[01 34] In order to completely recover the NOx occlud- 
ing and reducing catalyst that is contaminated with SOx 
to a degree of 30% of the NOx occluding capacity by 
heating it within a predetermined temperature range for 



40 

a predetermined period of time without deteriorating the 
exhaust gas emission as done in this embodiment, it 
can be contrived to set the air-fuel ratio of the exhaust 
gas to a predetermined air-fuel ratio. 
5 [01 35] However, easiness for releasing SOx from the 
NOx occluding and reducing catalyst 7 varies depend- 
ing upon the SOx concentration in the exhaust gas dur- 

ingthe^ecovery-operation— ThaHs^-when-the-sulfur- 

concentration in the fuel which is a precursor of SOx is 
10 high, the SOx concentration becomes high in the 
exhaust gas, and SOx are less released from the NOx 
occluding and reducing catalyst 7 correspondingly. To 
accomplish the complete recovery, therefore, the air- 
fuel ratio of the exhaust gas must be set to be more rich 
than the predetermined air-fuel ratio. 
[01 36] When the sulfur concentration in the fuel is low, 
on the other hand, the SOx concentration in the exhaust 
gas becomes low, and SOx is easily released from the 
NOx occluding and reducing catalyst 7, correspond- 
ingly. To improve the exhaust gas emission, therefore, 
the air-fuel ratio of the exhaust gas must be set to be 
more lean than the predetermined air-fuel ratio. 
[0137] In this embodiment as described above, the 
degree of recovery from SOx contamination is evalu- 
ated based on the NOx occluding capacity after the 
recovery operation. When the catalyst has been com- 
pletely recovered, the air-fuel ratio of the exhaust gas is 
shifted toward the lean side in the recovery operation of 
the next time. When the catalyst has not been com- 
pletely recovered, the air-fuel ratio of the exhaust gas is 
shifted toward the rich side in the recovery operation of 
the next time. In the recovery operation, therefore, the 
air-fuel ratio of the exhaust gas is set to an optimum air- 
fuel ratio for guaranteeing a complete recovery depend- 
ing upon the sulfur concentration in the fuel without 
deteriorating the exhaust gas emission. 
[01 38] The optimized air-fuel ratio of the exhaust gas 
is a value corresponding to the sulfur concentration in 
the fuel and the SOx concentration in the exhaust gas. 
Upon monitoring the air-fuel ratio/therefore, it is possi- 
ble to estimate the amount of sulfates formed by SOx 
and to let the driver know also the degree of the possi- 
bility of corrosion in the engine exhaust system caused 
by sulfates. 

[01 39] Fig. 24 is a flowchart explaining the SOx con- 
tamination-recovery operation different from that of Fig. 
23. Described below is only a difference from the flow- 
chart of Fig. 23. In this operation, when it is judged at a 
step 2402 that the flag F5 is 1, i.e., when the recovery 
from the SOx contamination is not sufficient, the target 
recovery operation time t is extended by dt. When the 
flag F5 is 0, i.e., when the SOx contamination is com- 
pletely removed, the target recovery operation time t is 
shortened by dt 

[01 40] Thereafter, at steps 2405 and 2406. the air-fuel 
ratio of the exhaust gas is set to be a stoichiometric air- 
fuel ratio or a predetermined rich air-fuel ratio and, at a 
step 2403 or 2404, the recovery operation is conducted 



20 



25 



30 



35 



40 



45 



50 



21 



BNSDOCID: <EP. 



09711 01 A2_l_> 



EP0 971 101 A2 



for only a target recovery operation time t that is 
changed. During the recovery operation as descrfced 
above, the air-fuel ratio of the exhaust gas is set to be a 
predetermined air-fuel ratio and the target recovery 
operation time is changed, in order to accomplish an 5 
optimum recovery operation time that guarantees a 
complete recovery depending upon the sulfur concen- 
tration in the fuel without deteriorating the exhaust gas 
emission. 

[0141] In the above-mentioned operations of Figs. 23 io 
and 24, either the air-fuel ratio of the exhaust gas or the 
recovering time is fixed and the other one is optimized 
depending upon the sulfur concentration in the fuel dur- 
ing the recovery operation This, in other words, is to 
optimize the total amount of reducing substances flow- is 
ing into the NOx occluding and reducing catalyst and to 
optimize the total amount of oxygen in compliance 
therewith during the period of recovery operation. For 
this purpose, therefore, both the air-fuel ratio of the 
exhaust gas and the recovering time may be changed 20 
depending upon the sulfur concentration in the fuel. 
[0142J In the operation of Fig. 23, furthermore, the tar- 
get air-fuel ratio of the exhaust gas during the recovery 
operation is. first, set to be the stoichiometric air-fuel 
ratio as described earlier and is then gradually shifted 25 
toward the rich side to accomplish an optimum air-fuel 
ratio depending upon the sulfur concentration in the 
fuel. When the sulfur concentration of the fuel is very 
low, the target air-fuel ratio changes near the stoichio- 
metric air-fuel ratio, and the target air-fuel ratio readily 30 
becomes an optimum air-fuel ratio. When the sulfur con- 
centration in the fuel is relatively high and the optimum 
air-fuel ratio is rich to a high degree, the recovery from 
the SOx contamination is not sufficient in the recovery 
operation of before the target air-fuel ratio becomes the 35 
optimum air-fuel ratio and, hence, the recovery opera- 
tion must be conducted relatively frequently. The recov- 
ery operation is not desirable since it deteriorates the 
fuel efficiency compared to that of during the normal 
lean operation. 40 
[0143] In order to solve this problem, the sulfur con- 
centration in the fuel may be detected as shown in a 
flowchart of Fig. 25, and the target air-fuel ratio AFt may 
be set depending upon the sulfur concentration. That is, 
in the operation of Fig. 25, the sulfur concentration in 45 
the fuel is cfirectly detected by the sulfur concentration 
sensor at a step 2501 , and a first target air-fuel ratio AFt 
in the recovery operation is set at a step 2502 based on 
the sulfur concentration found from a map shown in Fig. 
26. It is therefore allowed to readily set the target air-fuel so 
ratio AFt to the optimum air-fuel ratio in the operation of 
Fig. 23, preventing the recovery operation from being 
frequently executed. 

[0144] In the map shown in Fig. 26, the rich degree of 
the target air-fuel ratio AFt is set to increase with an 55 
increase in the sulfur concentration. If the map is cor- 
rectly formed by experiment, the target air-fuel ratio AFt 
needs not be changed depending upon the degree of 



recovery from the SOx contamination in the operation of 
Fig. 23, and can be used as the air-fuel ratio of the 
exhaust gas during the recovery operation. It is, of 
course, possible to set a target recovery operation time 
from a map depending upon the sulfur concentration in 
the fuel relying on the same idea. 
[01 45] An NOx occluding and reducing catalyst is dis- 
posed in an exhaust gas passage of an internal com- 
bustion engine to absorb NOx in the exhaust gas when 
the air-fuel ratio of the exhaust gas is lean, and to 
release and reduce the absorbed NOx when the air-fuel 
ratio of the exhaust gas is rich. A recovery operation is 
executed only under particular operating conditions of 
the engine to heat the NOx occluding and reducing cat- 
alyst so as to release NOx as well as SOx absorbed 
thereby. The engine operating conditions for executing 
the recovery operation are expanded with an increase in 
the amount of SOx held by the NOx occluding and 
reducing catalyst while preventing a drop in the engine 
fuel efficiency. The recovery operation is easily exe- 
cuted with an increase in the holding amount of SOx. 
and a state in which SOx are held in increased amounts 
by the NOx ocducfing and reducing catalyst is pre- 
vented from lasting long. 

Claims 

1. An exhaust gas purification device for an internal 
combustion engine comprising; 

an NOx occluding and reducing catalyst dis- 
posed in an exhaust gas passage of the inter- 
nal combustion engine to absorb NOx in the 
exhaust gas when the air-fuel ratio of the 
exhaust gas flowing in is larger than a stoichio- 
metric air-fuel ratio and to release and reduce 
the absorbed NOx when the air-fuel ratio of the 
exhaust gas flowing in becomes smaller than 
the stoichiometric air-fuel ratio, said NOx 
occluding and reducing catalyst exhibiting a 
decrease in the capability of absorbing, releas- 
ing and reducing the NOx as it adsorbs or 
absorbs contaminants in the exhaust gas; 
a holding amount estimation means for esti- 
mating the amount of said contaminants 
adsorbed or absorbed by said NOx occluding 
and reducing catalyst; 

a heating means for releasing said contami- 
nants from the NOx occluding and reducing 
catalyst by heating said NOx occluding and 
reducing catalyst when the amount of said con- 
taminants increases to be in excess of a prede- 
termined judging value and when the operating 
condition of the engine turns into a predeter- 
mined heating-conducting condition; and 
a heating-conducting condition-setting means 
for setting said heating-conducting condition 
depending upon the amount of said contami- 
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nants that are held in the NOx occluding and 
reducing catalyst. 

An exhaust gas purification device for an internal 
combustion engine according to claim 1, wherein 
said heating-conducting condition is given as a 
temperature of said NOx occluding and reducing 
-catalyst 



An exhaust gas purification device for an internal w 
combustion engine according to claim 1. wherein 
said heating-conducting condition is given as a load 
condition of the engine. 

An exhaust gas purification device for an internal is 
combustion engine comprising: 

an NOx occluding and reducing catalyst dis- 
posed in an exhaust gas passage of the inter- 
nal combustion engine to absorb NOx in the so 
exhaust gas when the air-fuel ratio of the 
exhaust gas flowing in is larger than a stoichio- 
metric air-fuel ratio and to release and reduce 6. 
the absorbed NOx when the air-fuel ratio of the 
exhaust gas flowing in becomes smaller than 25 
the stoichiometric air-fuel ratio, said NOx 
ocducfing and reducing catalyst exhibiting a 
decrease in the capability of absorbing, releas- 
ing and reducing the NOx as it adsorbs or 
absorbs contaminants in the exhaust gas; 30 
a holding amount estimation means for esti- 
mating the amount of said contaminants 
adsorbed or absorbed by said NOx occluding 
and reducing catalyst; 

a heating means for releasing said contami- 35 
nants from the NOx occluding and reducing 
catalyst by heating said NOx occluding and 
reducing catalyst when the amount of said con- 
taminants increases to be in excess of a prede- 
termined judging value and when the operating 40 
condition of the engine turns into a predeter- 
mined heating-conducting condition; and 
a heating-conducting condition-setting means 
for setting said heating-conducting condition 
depending upon the history of the operating 45 
conditions of the engine. 

An exhaust gas purification device for an internal 
combustion engine comprising: 



50 



an NOx occluding and reducing catalyst dis- 
posed in an exhaust gas passage of the inter- 
nal combustion engine to absorb NOx in the 
exhaust gas when the air-fuel ratio of the 
exhaust gas flowing in is larger than a stoichio- 
metric air-fuel ratio and to release and reduce 
the absorbed NOx when the air-fuel ratio of the 
exhaust gas flowing in becomes smaller than 
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the stoichiometric air-fuel ratio, said NOx 
occluding and reducing catalyst exhibiting a 
decrease in the capability of absorbing, releas- 
ing and reducing the NOx as it adsorbs or 
absorbs contaminants from the exhaust gas; 
a holding amount estimation means for esti- 
mating the amount of said contaminants 

adsorbed-or-absorbedby-sad-NGx-oecludiri 

and reducing catalyst; 

a heating means for releasing said contami- 
nants from the NOx ocducfing and reducing 
catalyst by heating said NOx occluding and 
reducing catalyst when the amount of said con- 
taminants increases in excess of a predeter- 
mined judging value and when the operating 
condition of the engine turns into a predeter- 
mined heating-conducting condition; and 
a heating-conducting condition-setting means 
for setting said heating-conducting condition 
depending upon the properties of the fuel of the 
engine. 

An exhaust gas purification device for an internal 
combustion engine comprising: 

an NOx ocducfing and redudng catalyst dis- 
posed in an exhaust gas passage of the inter- 
nal combustion engine to absorb NOx in the 
exhaust gas when the air-fuel ratio of the 
exhaust gas flowing in is larger than a stoichio- 
metric air-fuel ratio and to release and reduce 
the absorbed NOx when the air-fuel ratio of the 
exhaust gas flowing in becomes smaller than 
the stoichiometric air-fuel ratio, said NOx 
occluding and reducing catalyst exhibiting a 
decrease in the capability of absorbing, releas- 
ing and redudng the NOx as it adsorbs or 
absorbs contaminants in the exhaust gas; 
a holding amount estimation means for esti- 
mating the amount of said contaminants 
adsorbed or absorbed by said NOx occluding 
and redudng catalyst; 

a heating means for releasing said contami- 
nants from the NOx ocducfing and reducing 
catalyst by heating said KiOx ocduding and 
redudng catalyst when the amount of said con- 
taminants increases in excess of a predeter- 
mined judging value and when the operating 
condition of the engine turns into a predeter- 
mined heating-conducting condition; and 
a heating-conducting condition-setting means 
for setting said heating-conduding condition 
depending upon the temperature of the cooling 
water of the engine. 

An exhaust gas purification device for an internal 
combustion engine comprising: 
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an NOx occluding and reducing catalyst dis- 
posed in an exhaust gas passage of the inter- 
nal combustion engine to absorb NOx in the 
exhaust gas when the air-fuel ratio of the 
exhaust gas flowing in is larger than a stoichio- 5 
metric air-fuel ratio and to release and reduce 
the absorbed NOx when the air-fuel ratio of the 
exhaust gas flowing in becomes smaller than 
the stoichiometric air-fuel ratio, said NOx 
occluding and reducing catalyst exhibiting a 10 
decrease in the capability of absorbing, releas- 
ing and reducing the NOx as it adsorbs or 
absorbs contaminants in the exhaust gas; 
a holding amount estimation means for esti- 
mating the amount of said contaminants is 
adsorbed or absorbed by said NOx occluding 
and reducing catalyst; 

a recovering means which maintains said NOx 
occluding and reducing catalyst within a prede- 
termined high-temperature range for a prede- 20 
termined recovering period when the holding 
amount of said contaminants estimated by said 
holding amount estimation means has reached 
a predetermined value, and controls the air-fuel 
ratio of the exhaust gas flowing into said NOx 25 
occluding and reducing catalyst to assume a 
recovering air-fuel ratio at which said contami- 
nants can be released; 

a recovering degree evaluation means for eval- 
uating the degree of recovery of the capability 30 
of absorbing, releasing and reducing NOx by 
reduction of sad NOx occluding and reducing 
catalyst accomplished by said recovering 
means; and 

a first changing means for changing the total 35 
amount of the reducing substances in the 
exhaust gas flowing into said NOx occluding 
and reducing catalyst during the recovering 
period of the next time depending upon the 
degree of recovery evaluated by said recover- 40 
ing degree evaluation means. 

8. An exhaust gas purification device for an internal 
combustion engine according to claim 7, wherein 
said first changing means changes the total amount 45 
of sard reducing substances flowing into said NOx 
occluding and reducing catalyst during the recover- 
ing period of the next time by changing said recov- 
ering air-fuel ratio. 

so 

9. An exhaust gas purification device for an internal 
combustion engine according to claim 7. wherein, 
said first changing means changes the total amount 
of said reducing substances flowing into said NOx 
occluding and reducing catalyst during the recover- ss 
ing period of the next time by changing the length of 
said recovering period. 



10. An exhaust gas purification device for an internal 
combustion engine according to claim 7, wherein 
said recovering degree evaluation means includes 
a means for detecting the NOx absorbing capacity 
of said NOx occluding and reducing catalyst, and 
evaluates said recovering degree based on the 
NOx absorbing capacity of said NOx occluding and 
reducing catalyst at the time when said recovering 
period has elapsed. 

11. An exhaust gas purification device for an internal 
combustion engine comprising: 

an NOx occluding and reducing catalyst dis- 
posed in an exhaust gas passage of the inter- 
nal combustion engine to absorb NOx in the 
exhaust gas when the air-fuel ratio of the 
exhaust gas flowing in is larger than a stoichio- 
metric air-fuel ratio and to release and reduce 
the absorbed NOx when the air-fuel ratio of the 
exhaust gas flowing in becomes smaller than 
the stoichiometric air-fuel ratio, said NOx 
occluding and reducing catalyst exhibiting a 
decrease in the capability of absorbing, releas- 
ing and reducing the NOx as it adsorbs or 
absorbs contaminants in the exhaust gas; 
a holding amount estimation means for esti- 
mating the amount of said contaminants held 
by being adsorbed or absorbed by said NOx 
occluding and reducing catalyst; 
a recovering means which maintains said NOx 
occluding and reducing catalyst within a prede- 
termined high-temperature range for a prede- 
termined recovering period when the holding 
amount of said contaminants estimated by said 
holding amount estimation means has reached 
a predetermined value, and controls the air-fuel 
ratio of the exhaust gas flowing into said NOx 
occluding and reducing catalyst to assume a 
recovering air-fuel ratio at which said contami- 
nants can be released; 

an estimation means for estimating the con- 
centration of precursors of said contaminants 
in the fuel; and 

a second changing means for changing the 
total amount of the reducing substances flow- 
ing into said NOx occluding and reducing cata- 
lyst during said recovering period depending 
upon the concentration of said precursors esti- 
mated by said estimation means. 

12. An exhaust gas purification device for an internal 
combustion engine according to claim 11, wherein 
said second changing means changes the total 
amount of said reducing substances flowing into 
said NOx occluding and reducing catalyst during 
said recovering period by changing said recovering 
air-fuel ratio. 
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1 3. An exhaust gas purification device for an internal 
combustion engine according to claim 11, wherein 
said second changing means changes the total 
amount of said reducing substances flowing into 
said NOx occluding and reducing catalyst during 5 
said recovering period by changing the length of 
said recovering period. 
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1. Claims: 1-3 

Exhaust purification device, 

NOx occluding/reducing catalyst, 

contaminants ad/absorbtion, 

contaminants holding amount estimation means, 

heating means, heating- conducting condition-setting means 

and 

heating- conducting condition = f (contaminants held on NOx 
catalyst). 

2. Claim : 4 

Exhaust purification device, 

NOx occluding/ reducing catalyst, 

con tanri nants ad/absorbt i on , 

contaminants holding amount estimation means. 

heating means, 

heating-conducting condition- set ting means 
and 

heating-conducting condition - f (history of operating 
conditions of the engine). 

3. Claim : 5 

Exhaust purification device, 

NOx occluding/reducing catalyst, 

contami nants ad/absorbt i on , 

contaminants holding amount estimation means, 

heating means, heating-conducting condition-setting means 

and 

heating-conducting condition = f (properties of fuel of the 
engine) 



4. Claim 



Exhaust purification device, 

NOx occluding/ reducing catalyst, 

contaminants ad/absorbtion, 

contaminants holding amount estimation means, 

heating means, heating-conducting condition-setting means 

and 

heating-conducting condition = f (temperature of cooling 
water of the engine) 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

Exhaust purification device , 

NOx occluding/ reducing catalyst, 

contaminants ad/absorbtion, 

contaminants holding amount estimation means , 

and 

recovering means maintain predetermined high- temperature for 
a predetermined period and air- fuel ratio control of exhaust 
gas, recovering degree evaluation and changing amount of 
reducing substances* 



6. Claims: 11-13 

Exhaust purification device, 

NOx occluding/reducing catalyst, 

contaminants ad/absorbtion, 

contaminants holding amount estimation means, 

and 

recovering means maintain predetermined high- temperature for 
a predetermined period and air-fuel ratio control of exhaust 
gas, recovering degree evaluation and estimation means of 
precursors of contaminants in the fuel and changing amount 
of reducing substances as function of precursors estimated. 
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